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EFFECT OF ENVIRONMENTAL FACTORS UPON THE 
RESISTANCE OF CABBAGE TO YELLOWS ‘ 


By , 1 . C. Walkkk, Agent, Office of lloriicnlinral Crops and Diseases, Bureau of 
Plant Industry, United States Department of Agriculture, and Professor of Plant 
Pathology, Vnioersity of Wisconsin, and Rose Smith, Hesearch Associate in 
Plant Pathology, University of Wisconsm 


INTRODUCTION 

Jn a previous ])a[)er (8) ^ the senior writer described the genetic 
behavior of resistance in cal)bage to the yellows organism, Fumriutn 
con, glaii pans Wr. It was showui that resistance and susceptibility are 
controlled by a single pair of genes (Hr), so far as could be determined 
from the reaction of the various progenies tested under field conditions in 
southern Wisconsin on soil naturally infested with the yellows organism. 

Several years’ work has yielded a number of strains.of cabbage which 
arc more constantly and uniformly resistant than any of the mass- 
selected varieties available to previous workers (^, 4) If' was 

tlie purpose of the present investigation to study under controlled 
conditions their reaction to environmental factors, primarily tempera- 
ture. Su(‘h incjuiry is important for several reasons. From the prac- 
tical point of vK'w^ it is desirable to know to wdiat extremes improved 
strains will maintain their resistance. The distinction between envi- 
ronmental and hereditary factors in the interpretation of the minor 
\ ariations in severity of disease in susc^eptible plants is essential as 
a guide to further selection. A better understanding of tliis distinc- 
tion was also germane to studies of the inherent difi'erences in the 
relation of the parasite to resistant and sus(‘eptiblc host plants. 

Considerable work has been previously done upon the relation of 
temperature to the development of yellows by (Ulman (/), Tisdale 
(7), and Tims (6). Since these studies have been adeipiately sum- 
marized by Jones and associates (^), it is unnecessary to discuss them 
in detail here. 

METHODS OF EXPERIMENTATION 

The naturally infested soil employed in these studies was taken 
directly from a thoroughly diseased field in southeastern Wisconsin 
used over a period of several years for testing the resistance of cab- 
bage strains. For artificial inoculation of vsoil a single-spore isolation 
of the organism secured from a diseased plant collecUvJ in south- 
eastern Wisconsin was grown for several weeks upon a mixture of 
sand and corn meal. The culture was then i)ulverized and mixed 
thoroughly withsoil which had been previously sterilized at apressure of 
1 5 pounds for several hours. The inoculated soil was used in some exper- 
iments during the several weeks immediately following its preparation, 
and it was used again in other trials after storage for several months. 

i^JReceived for publication Aug. 20, 1920; issued JunOj 1930. This study has been supported jointly 
by the Department of Plant Pathology, University of Wisconsin, with the aid of a special grant from the 
general research fund of the universitj^ and by the Office of Horticultural Crops and Diseases, Bureau of 
Plant Industry, U. 8. Departmeht of Agriculture. • 

a Heference is made by number (italic) to “Literature cited,” p. 15. 
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Soil-temperature studies were carried out in the Wisconsin soil- 
temperature tanks described elsewhere (S). Plants were j^rown in 
infested soil in galvanized-iron cans which were inserted m tanks 
held with a reasonable degree of constancy at the desired tempera- 
tures. The seedlings were grown in soil free from the yellows organ- 
ism and transplanted to the cans at the desired time. The cans 
were then kept at 15® C. or lower until the plants had recovered 
from transplanting and were then removed to the tanks. In records 
of these experiments the duration was calculated from the time the 
cans were placed in the tank, care having been taken to hold the soil 
temperature previous to that time to a point below 15®, the minimum 
for disease development. Unless otherwise noted, a common air 
temperature which fluctuated between 15® and 17® was maintained, 
except on sunny days, when it rose a few degrees higher. 

In the study of air- temperature influences along with soil- tempera- 
ture effects tanks were used which stood in greenhouses in which the 
air temperatures were regulated at different levels. Although the 
temperature of the air was not so constant as that of the soil, it was 
sufficiently constant to give reasonable contrast between the various 
levels used. 

As indicated in the later discussion of experimental results, the 
typical appearance of yellows in the leaves was used as the chief 
criterion in recording the appearance and progress of the disease. 
In certain cases, however, this was insufficient, because of variation 
in symptoms under different environments. This was especially true 
at the higher soil temperatures in the case of resistant plants, where 
stunting of the plants and unnatural mottling of the loaves, not typical 
symptoms of the disease, were common as a result of exposure to the 
extreme environment. In these investigations the influence of soil 
moisture was not studied. For each series, however, the soil moisture 
was kept uniform throughout by freguent weighings and the addition 
of sufficient water to maintain the original weight of all pots. Follow- 
ing the evidence from Tisdale/s wmrk (7) that moderately dry soil 
gave the greatest quantity of disease, the moisture content was kept at 
about 60 per cent of the water-holding capacity. 

SOURCE OF HOST MATERIALS 

As has already been explained in a previous paper (^), most commer- 
cial varieties of cabbage are extremely susceptible to yellows. In 
each variety, however, there are ordinarily a few plants that are 
resistant field conditions. These arc in practically all cases 

heterozygous so far as resistance is concerned, and, resistance being 
dominant, they withstand the attack of the yellows organism. By 
pure-line selection from such individuals, lines were secured which are 
homozygous for resistance imder field conditions, in Wisconsin at 
least and where tested in other localities. In like manner individuals 
selected from commercial varieties growing on noninfested soil in 
most instances yield progenies that are practically 100 per cent sus- 
ceptible. Such lines are herein regarded as homozygous for the 
susceptible character. ^ 

^ A third type of material used in this connection is that referred to 
as mass-selected resistant. Examples of this are Wisconsin All 
Seasons and Wisconsin Hollander, resistant varieties now in general 
copimef^al use. These differ from > the homozygous-resistant lin^ 
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in that they were derived from commercial types, not by pure-line 
selection but by mass selection from the surviviii]^ plants on infested 
soil. They have thus remained to some degree heterozygous for 
resistance and in each generation continue to produce some purely 
siisceptible individuals. As was pointed out earlier, resistant strains 
of this type were the only ones available to Tisdale (7) and to Tims (6), 
For purposes of more direcst comparison the same varieties they used, 
Wisconsin Hollander and Wisconsin All Seasons, were included in 
tliese studies. 

" Thus the following two resistant and two susceptible types of 
material were used: 

(1) The homozygous-resistant lines were progenies of individual 
plants, or mixtures of such progenies, which were proved to be homo- 
zygous by progeny tests in the field. Progenies 40-850s, 40-3538, 
4()-354s, 40-420S, 40-421S, 40-420s, 40-524s, 40-530s, and 40-535s 
were secured by self-pollination of individual plants selected from the 
All Plead Early variety. 40-2f)-F was a mixture of remnants of selfed 
])rogenies from the same variety. 30-25-A was from the seed of 
several homozygous-resistant plants selected from the Copenhagen 
Market variety and allowed to be cross-pollinated by insects in an 
isolated location. 20-27-C was a mixture of remnants from selfed 
progenies of plants selected from the Jersey Wakefield variety. 
20-29-A was the second generation from a homozygous resistant 
individual of the same variety. 

(2) The mass-selected resistant varieties were secured from a reliable 
commercial source of these seeds. AVisconsin Hollander, Wisconsin 
All Seasons, ami All Head Select were used. 

(3) Homozygous-susceptible lines were from plants proved by 

progeny tests in the field to be homozygous for susceptibility. HG-5s 
was a selfed progeny from an Fi hybrid plant resulting from a cross 
between an All Head Early and a (Jlory of Enkhuizen susceptible 
individual. HG-27-A was a mixture of sister progenies coming from 
the same original cross as HCJ-5s. Reciprocal crosses were made of 
two Fi hybrid ])lants coming from a cross between an All Head Early 
and a Copenhagen Market susceptible individual; the flowers of these 
two plants (HC-19 and HC-3) were not emasculated, but a single 
camePs-hair brush was worked over the blossoms of each plant and 
the seed of each was saved separately. Seed from plant HC-3 was 
used and is designated as HC-3 X 19B. C-29-A was a homozygous- 

susceptible line from the Cox)enhagen Market Variety. • 

(4) Two commercial suscjeptible varieties, CopenhagemMarket and 
Danish Railhead, were used. Although these were not quite so homo- 
geneous as the homozygous-susceptible lines, they were shown by 
field tests to contain a very small percentage of resistant individuals. 

In addition to the above-mentioned lots, certain Fi and F 2 progenies 
from crosses between resistant and susceptible lines were studied. 
These are described later in the text. 

EXPERIMENTAL RESULTS 

COMPARATIVE STUDV OF RESISTANT AND SUSCEPTIBLE LINES , 

Influence of Soil Temperature 

The plants used in experiment 1 had grown in noninfested^eqil for 
about SIX weeks before they were^ansplantod to infested sc#. Two 
homozygous-resistant lines (40-5^s and 30-26-A) were compared^^ 
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with one commereial susceptible variety (Copenhagen Market). 
Table 1 shows that the severity of the disease in the susceptible 
variety increased with rise in soil temperature, reaching a maxmiuin 
at 26® to 80® C. This is in accord with the findings of Tisdale (7) 
and Tims (6*) for other susceptible varieties. In the case of the resist- 
ant strains, however, there was complete absence of disease at 20® 
and 22®. At 24® no external symptoms appeared, but upon careful 
examination of the vascular system there wore found a few brownish 
streaks not unlike those present in greater abundance in susceptible- 
plants at this and other temperatures. All attempts to isolate the 
fungus from such stems at 24® and 26® were unsuccessful. The sig- 
nificance of the browning of the veins in resistant lines at this tem- 
perature will be discussed later. In one resistant line (30-25-A) a 
few plants showed external evidence of disease at 28®, and both 
strains had a few such cases at 80®. It thus appeared that the 
homozygous-resistant lines were exhibiting uniform resistance in this 
case at a constant soil temperature as high as 26®. This was quite 
diflerent from the results secured by Tisdale (7) and Tims (6*) with the 
mass-selected resistant varieties, which showed considerable disease 
at 20® and cojnparatively little resistance above that point. 

Table 1 . — Development of yellowa in a commercial sifscepHble cabbage variety and 
two homozygous-reaivtant progenies when grown on natnrally infested soil at 
various constant soil temperatures 


Soil temperature (®(\) 


20 

22, 

24. 

20. 

28. 

30. 


Occurrence of yellows m— • 


A .susceptible 

A resistant 

A resistant 

variety » 

variety *■ 

vaiiety ' 

I'lants 

Diseased 

Plants 

Diseased 

Plants 

Diseased 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

10 

m 

20 

0 

2.3 

0 

10 

70 

24 

0 

22 

0 

9 

89 

24 

0 

23 

0 

0 

100 

24 

0 

23 

0 

8 

100 

1 ‘-^4 1 

! 0 

23 

17 

0 

aoo 

L.„ .!!J 

25 

23 

13 


« f’opeuhaRen Market. 

>• Selected from All Jlead Early, 40“53r>s 
«■ Selected from (-opeulmgen Market, 30 25 A. 


Table 2. — JQevclopmeni of yellows in two homozygous-susceptible cabbage progenies 
and eight hqmozygous-resistant progenies v^hen grown on naturally infested soil at 
various con^ant soil temperatures 


Description of strain 


Hoinozygons-suBceptiMe 

I 

H omo 2 ygnu 8 *rasist ant . 
From All Head Early. . 

# 

From Wakefield 


Occurrence of yellows at soil teiniwature of- 


Strain No. 

34° 

C. 

26° C. 

28° C. 

Plants 

Dis- 

eased 

Plants 

Dis- 

eased 

Plants 

Dis- 

eased 


Number 

Per cent 

Number 

Per cent Number 

Per cent 

HG-6S.- 

10 

100 

10 

100 

10 

100 

iHr-3X19B., 

7 

100 

7 

100 

f. 

100 

f 40- 350s 

7 

0 ' 

7 

0 

7 

57 

40-358S 

10 

0 

9 

11 

10 

0 

40-364S 

8 

0 

8 

0 

8 

35 

40-4208 

0 

0 

9 

0 

9 

22 

40-4218 

JO 

0 

9 

0 

9 

22 

40-426S 

10 

0 

10 

0 

10 

10 

,40-5248 

7 

0 

6 

0 

7 

0 

20-27-0 

-SJL 

7 

0 

10 

20 

ID 

40 
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In experiment 2 (Table 2) the study was extended to two homo- 
zygous-susceptible lines (HG“5s, IIC-3 X 19B), a number of homo- 
zygous-resistant progenies selected from All Head Early (40-350S, 
etc.), and a mixture of several homozygous-resistant progenies from 
Jersey Wakefield (20-27-C). In this instance the plants were much 
younger when exposed to infection, which exposure took pla(‘c only 26 
days from the time the seed was sown. The experiment was continued 
for 40 days. Only the critical temperatures 24°, 26°, and 28° C. were 
used. At all temperatures the susceptible strains succumbed com- 
])letely. At 24° all the resistant lines remained free from disease 
symptoms. At 26° two progenies showed slight disease, and at 
28° all but two progenies showed more or less disease. Thus in 
comparison with experiment 1, these lots were as resistant at 24°, but 
t-wo of them were less stable at 26°, and most of them less so at 28°. 

In experiment 3 a homozygous-susceptible line (HG-5s), two 
homozygous-resistant line's (40-420s and 20-27-C), and thiTc mass- 
selected resistant varieties were used. (Table 3.) The plants in 
this case were 32 days old when exposed to the various soil tem- 
jieraturcs (18° 33° C.), and the experiment w^as continued for 33 
days. As noted earlier by Tisdale (7) and Tims (6'), the disease 
developed very slowly at 18°, even in the susceptible strain, while 
its incidence also was much reduced at 33°. These exti ernes appear 
to limit the progress of the parasite materially, and this probably 
accounts in a large measure for the reduction in the amount of 
t h(' disease. The behavior of the homozygous-susceptible and the 
homozygous-resistant lines otherwise coincides in general with that 
observed in experiments 1 and 2. As noted in the experiments of 
Tisdale and Tims, a small percentage of plants of Wisconsin Hollander 
and Wisconsin All Seasons became diseased at 21°, and the percentage 
increased with the rise in temperature up to 30°. The difference 
between the homozygous-resistant lines and mass-selected varieties 
appears at 21° and higher temperatures. It is evident that the 
latter, though quite resistant under Wisconsin field conditions, are 
inherently much more susceptible than the homozygous lines, while 
their exposure to constant temperatures above 21° reveals that they 
are imsuited to such conditions. The cans from this series wa>re 
photographed near the close of the experiment, and some of them are 
showui in Figure 1 . 


Table 3 .“- of yellows in susceptible and resistant cahha^ progenies 
when grown on naturally infested soil at various constant soil tejnperatures 

ITon plants of each strain at each temperature except 3H°, where there were L'O T>lants] 


! 


Percentage of plants yellowed wh(*n grown at 
soil tomp<*rature of— 


vai iely 

wirain i\o. or variety 

18® 0. 

21® (\ j 

21° (\ 

27® <\ 

30® (’ 

33® ('. 

Homozygous-susceptible. . 

no-fls 

.m 

100 1 

100 

100 

100 

100 

Honi07,ygous-re.sistant 

40-420S 

120-27-C 

0 

9 

0 . 
0 : 

0 

0 

0 

' 10 

40 

80 

2.5 

3.5 


Wisconsin Hollander . 

20 

30 i 

50 

I 80 

90 

2.5 

M ass-selected resistant . . 

WMseonsin All Seasons ' 

0 

20 ! 

fiO 1 

20 

70 

50 


All Head Select ' 

0 

_J“i 

30| 

1 00 

1 

1 80 

00 

P 
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In the three experiments just described certain new facts are 
brought out. In the first place, the homozygous-resistant strains, 
so called because of their perfect resistance under repeated field tests, 
are extremely resistant at quite high temperatures. Plants of the 
ages used were pracitically all stable up to and including constant 
temperatures of 26® to 27® C. Above this point the plants became 
stunted, showed a pale yellowing of the leaf parenchyma, and ex- 
hibited some browning of the vascular bundles. The external ap- 
pearances of disease were not typical of those in the susceptible lines 
at these or lower temperatures. The browning of veins was very 
rarely accompanied by the presence of the organism. 

It was important to determine whether this peculiar reaction of 
resistant plants at high temperature was due to the attack of the 
parasite or to the direct effect of the temperature ui)on the plants. 
The behavior of plants in infested and in noninfested soil over a range 
of temperature was therefore studied. (Experiment 4.) In order to 
make the infested and the noninfested soil as comparable as possible, 
a quantitj" of the latter was divided and to one portion inoculum of 
Fusarium conglutinans was added. A series of soil-temperature tanks 
ranging at 2-degrce intervals from 18® to 28® C. were then set up so 
that in each tank there was one can each of homozygous susceptible 
plants (t%“29-A) and one can each of homozygous resistant plants 
(20 -29-A) in inoculated and in uninoculated soil. The plants were 
43 days old at the beginning of the experiment, and the latter was 
run for 30 days. vSix plants were, pla(*.ea in each can. In the inocu- 
lated soil the results were similar to those in the naturally infested 
soil in experiments 1, 2, and 3. The susceptible plants showed typical 
y<41ow's, the severity increasing with the temperature. The resistant 
plants remained perfectly healthy up to 24®; they showed some 
atypical signs at 26®, and the atypical symptoms were severe at 28®. 
In the iminoculated soil no signs of disease w^hatever were noted, 
even at the highest temperature. This fact shows that this rather 
abrupt appearance of pathological symptoms in the resistant plants 
at 26® and above is the result of the yellows organism in the soil and 
not the effect of high temperature alone. The cans from the 24® and 
the 28® tanks, photographed on the thirteenth day, are shown in 
Figure 2. 

Histological st udies subsequently reported (5) indicate that there is 
invasion of the root tips of homozygous-resistant plants with little or 
no penetration of the vascular system. Furthermore, af 28® and 
above, the root systems of cabbage are at their low ebb "bf grow^th, 
while the causal organism is most active (7). The reduced rate of 
root growth, with invasion of the absorbing regions of the root sys- 
tem, is probably responsible for the gradual stunting and death of the 
resistant plants at 28® and above. Moreover, it is to be emphasized 
that this breaking dowm of resistance is of quite a different order in 
external appearance and in internal histology from the normal devel- 
opment of disease in susceptible plants at these or other temperatures. 

The distinct difference between commercially successful mass- 
selected resistant varieties and pure-lined homozygous-resistant lines 
in their temperature reactions is the second matter of importance to 
be noted in these results. Manv plants of the mass-selected sjfains 
behaved like susceptible ones under these controlled conditions^,, which 
is in accord with Tisdale^s (7) and Tims’s {6) results. While tins may 
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not appear to be in accord with the fact that these varieties are com- 
mercially successful upon infested soil, it should be pointed out that it 
is not uncommon to find a field of these mass-selected varieties with as 
high as 50 per cent of the plants showing slight symptoms of disease. 
As has been suggested before (^), it is possible that in the selection of 
these varieties mildly susceptible individuals were not eliminated and 
as a result they are a[)parent.ly present in considerable numbers. 
Under average seasonal conditions where the crop is started during 
the cooler spring months so that the plants reach considerable size 
before infection occurs, these mildly susceptible individuals are not 
easily distinguished. The test under controlled environment is ap- 



TEMPEBATUf^B 



2e*S09L TEMPERATURE 


riiJUKK 2.-- C'oiiiparisoii of msislant arul susceptible lines of cabbage u]>on inoculated and uninoc- 
ulaled soil at 24° and 28° C (''ans m lefl-lo-nght order in each row contain (1) .susceptible plants 
in inoculated soil; (2) resist ant plants m Inoculated ’Oil, (31 susceptible plants in un inoculated soil; 

(4) resistant plants m iminoculated .soil. See further explanation in the text 

parently more severe and the differences between them and homo- 
zygous-resistant plants are accentuated. 

Inoculated Stbiulized Soil 

In the first three experiments naturally infested soil was used. 
While this method yielded results more comparable with those 
secured under field conditions, it did not afford a picture of the be- 
havior of the plants exposed to the yellows organism when it was 
removed from competition with other soil organisms and thus allowed 
to accumulate in greater abundance. In experiment 4 the plants were 
50 days old when exposed to various soil temperatures. A commercial 
susceptible variety, a mass-selected resistant variety, and a 
homozygous-resistant strain were used. There were four to seven 
plants in each can. The percentages of diseased and of dead plants 
werefecorded after 30 days. The final results are shown in Table 4. 
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Tablk 4.— Development of yellom in a susceptible cabbage variety, a mass-selected 
resistant variety, and a homozygous-resistant progeny when grown in naturally 
infested and inoculated sterilized soils at various constant soil temperatures 

[In eaeh individual lot 7 plants wore used, except of Wisconsin Hollander al 26®, where only 6 plants were 
used in naturally infested sod, and at 2K®, where 6 and G plants were used, respectively, in naturall> infested 
and inoculated sterilized soil) 


i 

Occurrence of yellow's in 
susceptible commercial 
((’oiienhugen Market) 

Occurren(‘e of yellows in 
niass-seletdod resistant 
tW'isconsin Hollander) 

Occurrence of yellows in 
hoinozy gous-resistant 
(4O-.530S, selecleil from 
All Head Early) va- 
riety grown in— 


i variety grow’ii lu - 


variety grown in 

1 

Soil te'niienilure 
(® (’.) 

1 1 

' Naturally [ 

Inoculated 

Naturally 

! 

' Inoculated 

( 

Naturally j Inoculated 

, infested 

sterilized 

infested 

sterilized 

infested > sterilized 


‘ .soil { 

soil j 

1 soil 

soil 

soil 1 soil 


Dis- 

1 

J)is- * 


Dis- 

Di.s- 


1 His- 

j Dis- 1 


I eased 

Dead ' 

eased 

Dead 

eased Dead i eased 

Dead 

' cased 

Dead ; ea.sed Dead 


jlilaiits 


plants 


plants 

'■ plants 

! 


j plants 

' plants 


i 

; p ct 

P. cL ' 

p ct , ! 

P ci 

P. ct ct 

: P ct \ 

P cl 

i P ct 

P.ct P ci P ct 

20 - . 

1 8fi 

67 ' 

UK) 

KX) 

14 . 0 

i 43 

14 

' 0 

0 0 0 

22 

' UK) 

8() 

1(K) 

KX) 

57 14 

43 1 

29 

, . 0 i 

0 i 0 . 0 

24 - - 7/1 / - 

' 1(H) 

KHI 

1(K) 

KX) 

KX) .57 

' KK) 

S<> 

0 

0 ! 0 0 

26 

1 bH) j 

KX) , 

KX) 1 

KX) 

KX) 33 

' KK) 

71 

i 0 

0 i « 100 ; 0 

28 

1 ](K) 

100 1 

KX) ' 

KX) 

too , 80 

KK) i 

100 1 " KM) 

“ 14 1 « KX) «43 

30... 

1 

1 ’"1 

100 1 

KX) • 

KX) 

100 KK) j 100 

1 KX) 

I “ 100 

1 

'• 100 , « 100 “ KX) 

1 1 


' 'I'hose }dants did not show tj picul s.vniptoins of ytdlows but were nevertheless stunted and show'ed 
yellowish sjiots on the leaves, dy mg back of the leaf margins, and more or less brow’niiig of the veins Piae- 
tically all attempts to isolate the oiganisni from theni were unsuccessful DitTerences are illastraled in 
Figure 3 


It is clear that the in(*reased potentiality of the inoculum which 
results from sterilization of the soil to remove the soil flora, temporarily 
at least, from competition with the yellows organism has an immediate 
effect upon the disease. The incubation period is somewhat shortened 
and the ])i’()gress of the disease is hastened. Aside from those eflects 
it is quite consistently noticeable that the total percentage of plants 
diseased in the susceptible and mass-selected resistant groups is 
increased in the inoculated soil. This is probably the result, in part at 
least, of a more uniform distribution of the parasite in the soil. The 
relative differences between susceptible and resistant strains are not 
changed; but the homozygous-resistant line showed, in inoculated 
sterilized soil, the pathological response (‘characteristic of this type at 
high temperatures at a slightly lower point than in pj*evious experi- 
ments wdierein naturally infested soil was used. 

Influence of Aik Temperature 


In the first five experiments the air temperature during most of 
the time was at 15° to 17° C., although for a few hours during sunny 
days it rose a few degrees higher. This is somewhat lower than might 
often obtain under natural conditions during midsummer. Con- 
sideration was next given to the influence of the air temperature as 
well as of the soil temperature upon the expression of resistance. 

In experiment 6 a homozygous-susceptible line (HG-27-A) and a 
homozygous-resistant line (40“-26-“F) were included. Plants 45 days 
old of each were used, and the experiment was run for 27 days in 
naturally infested soil. Soil temperatures of 20° and 24° were main- 
tained at air temperatures of 15° to 17° and of 28°, respectively. In 
the susceptible variety the disease developed most rapidly act the 28° 
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air temperature in the two respective soil temperatures, which is in 
accord with the earlier findings of Tims (6*). The final results (Table 
5) show, however, that even at this air temperature the homozygous- 
resistant line remained healthy. 

Table r),— Development of yellotm in ttusraptible and resUtayit lines of cabbage at 
various air and soil temperatures 


Occurrence of yellows in— 


. Tenii»eratiiro of— I 

- - 

■ 1 

1 

--- 


1 

Susceptible line 

Resistant line 

Air 

Soil { 

Plants 

Diseased 

Plants 

Diseased 

I ^ C. \ 

“ C. I 

Number 

Per cent 

Number 

Per cent 

, *■’> 1 

f 20 1 


100 

10 1 

0 

1 24 ; 

5 

100 

10 1 

0 

1 

1 

J 20 I 


100 

10 

0 

1 24 

i) 

100 

i 

10 1 

i 

0 ; 


Effect of Wounding the Root on Infection and Resistance 

It became of interest to determine whether or not severe pruning 
of the root system would permit the development of disease in resistant 
plants. Plants 10 weeks old of a homozygous-resistant strain 
(40-5358) and a commercial susceptible variety (Copenhagen Market) 
were transferred to a bench of naturally^ infested soil, a portion of each 
strain being handled as follows: (1) Transplanted with the least 
possible injury to the roots; (2) roots pruned moderately before 
resetting; and (3) all lateral roots pruned close to the taproot. The 
disease was recorded for each lot as it appeared, and the data are 
summarized in Table 6. *It is significant that even the severest degree 
of root pruning did not bring about infection of the resistant strain. 
In the susceptible strain the appearance of the disease in slightly 
primed plants was delayed several days as compared with the moder- 
ately md severely pruned plants, but at the end of the period the total 
infections in the three lots wore not significantly different. 


Table 0.-— Effect of varying degrees of root pruning at transplanting upon the 
ocrurrence of yellows in a resistaiit and a susceptible strain of cabbage 


strain or variety 


I Degree of 
root prun- 
I mg 


! I Slight 

40-5358 (resistant) Moderate 

1 Severe 

Slight- 

C’opeuhagen Market (.susceptible) Moderate. 

ilSevere 


- 

Total 


Number of yellowed plants at end of— 


num- 



— 

— 

— 

-- 


- 

her of 
plants 

17th 

I9th 

23d 

25th 

30th 

3.3d 

37th 

44th 

day 

day 

day 

day 

day 

day 

day 

day 

19 

0 

0 

0 

0 

0 

0 

0 

0 

20 

0 

0 

0 

0 

0 

0 

0 

0 

20 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

4 

4 

7 

9 


9 

16 

3 

4 

6 

7 

7 

13 

13 

13 

17 

2 

4 

4 

5 

7 

12 

14 

15 


V ROWING Conditions Before Exposure to the Parasite in Relation to 
Susceptibility and Resistance 

Throijghout the experiments just reported plants for transplanting 
were oonunonly grown at comparatively low temperatures — about 15° 
C. — and were then transferred to infested soil and placed at various 
0^ 
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soil and air teniparaturas. The question arose as to whether the con- 
ditions under which a plant is grown before exposure to the parasite 
under a given environment have any important hearing upon suscepti- 
bility or resistaiure. hi fact Tims ( 6 ) suggested that plants grown at 
a comparatively high tem])erature became diseased loss readily than 
those grown at lower temperatures more favorable for growth of the 
host. An experimcuit was therefore planned to yield some evidence 
on this point. 

Seeds of a homozygous-resistant line (20-27--C) and of a homo- 
zygous-susceptible line (HC-27-A) were sown in cans of noninfested 
soil. They were plac(‘d in one set of soil-temperature tanks running 
at 20^, 24°, 28°, and 32°, at each of two air temperatures, 15°-17° ami 
28°. Thus each of these two varieties was growing under eight differ- 
ent combinations of air and soil temperature. After 32 days they 
were transplanted to naturally infested soil. After standing 3 days 
at about- 20° for the plants to recover from transplanting, the cans 
were so divided that one half of the plants from each combination of 
temperatures was kept at a soil temperature of 24° and an air tem- 
perature of 28°, while the other half was held at 24? soil and 15°”17° 
air. The plants were thus held for 23 days. By that time every 
plant in the susceptible line was diseased and most of them were 
dead. No disease appeared in any of the resistant lines throughout 
the series. The rate of appearance of the disease and death of the 
susceptible plants, as shown in Table 7, does not indicate any marked 
predisposing influence of the growing conditions previous to infection 
\ipon disease development in plants of this aj>e. It appears that the 
method employed of producing the plants at temperatures favorable 
to growth and later shifting them rather suddenly to various tempera- 
tures for exposure to the parasite does not introduce a significant 
experimental error. 

Table 7~ Relative development of yellows in suseepUble cabbage plants ° grown 
for about jive weeks in noni nfested soil at various soil and air temperatures and 
then transplanted to infested soil and exposed to a soil temperature of 24 ° and air 
temperatinys of and 28° C. 
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STUDY OF REACTION OP RESISTANT-SUSCEPTIBLE HYBRIDS 

In the light of the evidence brought together in the foregoing pages, 
it is of interest to consider the reaction of resistant-susceptible 
hybrids as reported earlier (8). 

Fi Hy Bill ns 

The Fi hybrids from resistant and susceptible parents were first 
studied. Several progenies were grown in both inoculated sterilized 
and naturally infested soil at various temperatures. The hybrids, 
which were fully resistant in field tests, were found to be quite as 
resistant as homozygous-resistant plants exciqit for the fact that in 
the case of four progenies they showed stunting and high-temperature 
symptoms at slightly lower temperatures. (Table 8.) Tn a fifth case 
(2()-27™D) no pathological effects were noted at 26° C. in naturally 
infested soil. Certain of the lots are shown in Figure 3. 


Table 8. — Developmmi of yellows in F\ cabbage hybrids from resistant-susceptible 
crosses, and commercial susceptible and homozygous-resistant lines 


Days 

50 

82 

40 


Days 

30 

28 

32 


Df'scription 
(»f strain or 
variety 


{ Siiscoptiblo. 

Fi hybrids.. 

{ Siisceiitible. 
Kosistant. . 
Fi hybrids., 

-...do 

-.-do 

— do 


Strain No oi \unoly 


Occiirronri* of yellows in plants Rrown on- 


Naturally infestod .soil 
at— 


Inoculated stcnli/iid soil 
at— 


(’openhagcn Market. 

I 4a-530s 

ll-2X.'V-2l 

CoponliaRcn Market 

40-5 ;k)s-. 

, i-32XC-l 

40-335X11-35 

5-32X 11-35 

I 20-27-1) 



24" 

c. 

20® (\ 

24® 

c. 

2<‘" 

(\ 
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J." 


/j 
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Uj 



Plant 

1 

c 

C5 

CS 

fi 

eo 

oi 

c 
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i 

fi 


Num- 
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Alim- 
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Num- 
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Num^ 
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ber 
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cent 
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ter 
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7 

100 

7 

100 

7 

100 j 

7 

1(K) 

. 

7 

0 

7 

0 

7 

« 

7 

• 100 


7 

0 

4 

“lOO 

4 

" 100 

4 

« 100 


4 

100 

4 

100 

4 

100 


100 


4 

0 


0 

4 

0 

4 

« 100 


4 

0 

4 1 

<•100 

1 





4 

0 

^ i 

« 100 

"‘4*1' 

“ 76 

4 

'•'iod 


4 

0 

4 

- 100 

4 1 

«100 

4 

» 100 

. 

10 

0 

10 

0 
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yellows that occurred m the suscoptiblo strain 
It wwe the atypical signs current m resistant strains at high soil temperature as described elsewheie in 


but 
the tevt. 


, Fg Hybrids 

From the i^videiice already presented it was to be expected that Fa 
hybrid progenies would react according to the constitution of their 
segregants. Approximately 25 per cent, being homozygous-resistant, 
should survive as transplanted seedlings up to 26° C. Approximately 
50 per cent, being heterozygotes, should smwive at 24° and some 
become stunted at higher temperatures in naturally infested soil. 
The remaining one-fourth, being homozygous-susceptible, should 
succumb at 22° or above. Variation in the progress of the disease 
in the susceptible plants should also result, depending upon soil 
temperature. 

The experiment reported in detail was conducted with a single F 2 
progeny (5HIA) which in field trials showed 28.6 per cent diseased 
plants In, 1926 and 22.2 per cent in 1927. Plants 37 days old were 
exposed to a range of soil temperatures in naturally infested soil. At 
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18° and 20° somewhat fewer than the expected number were affected; 
at 22° exactly one-fourth were diseased. (Table 9.) At 24° slightly 
above 25 per cent were diseased. At 26° the percentage was sig- 
nificantly higher, while at 28° only about one-fourth survived. At 



26° part of the plants and at 28° all of those which survived showed 
distinct stunting of the type observed in heterozygous and homozy- 
gous-resistant plants at these temperatures. No attempt was made to ^ 
differentiate the two types when the counts were recorded. 



14 Journal of Agricultural Research voi. 41. no. 1 


Tablii; 9 . — Development of yellotvs in an hybrid progeny from a cross between a 
homozygous-susceptible and a homozygous-resistant parent 


Soil tem- 
jierahirG 

Total 
number 
of plants 

Yellowed plants 

®C’. 


Number 

Per cent 

18 1 

68 

12 

20.6 

20 

69 

12 

20.3 

22 

60 

15 

26.0 

24 

58 

16 

27.5 

26 

60 

19 

31.6 

28 

60 

44 

73.3 
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SUMMARY 

The purpose of the study reported in this paper was to determine the 
effect of environmental factors upon the resistance or susceptibility 
in various strains of cabbage to yellows {Fusarium, conglutinan.^). 

The hosts tested consisted of homozygous-resistant progenies, 
homozygous-susceptible progenies, mass-selected resistant varieties in 
commercial use, and commercial susceptible' varieties. 

In the susceptible strains and mass-selected resistant varieties the 
typical disease symptoms appeared in increasing percentages with 
increase in soil temperature to about 28° C., and were 3’etarded some- 
what at 33°. In homozygous-resistant strains no evidence of dis- 
ease was found up to 24° in naturally infested soil when young trans- 
plants were used. Slight evidence of disease was found in a few cases 
at 26° and to a greater degree at still higher temperatures. At this 
higher range the symptoms were not typical of yellows, and the 
fungus was rarely is 9 lated from such plants. The homozygous- 
resistant lines, therefore, reacted in a distinctly different manner from 
the susceptible and mass-selected resistant types. 

The increase of inoculum secured by steam sterilization of the soil 
and reinoculation with a pure culture of the yellows organism resulted 
in more uniform infection and more rapid disease development in 
susceptible and mass-selected resistant types, but had no effect upon 
the homozygous-resistant lines, except that the atypical high-tem- 
perature symptoms were evident at a slightly lower temperature. 

Increase in air temperature up to 28° C. hastened the development 
of disease but did not alter the distinct difference in reaction between 
homozygwis-resistant lines and the other types used. 

Severe {pruning of the root system during the process of trans- 
planting served to shorten the incubation period in susceptible plants, 
but it did not facilitate the production of yellows in homozygous- 
resistant plants. 

The temperature, at which plants were grown prior to exposure to 
the parasite did not appear to affect the rate of disease development, 
nor did it have any influence upon the stability of resistance in homo- 
zygous lines. 

Heterozygous plants, i. e., those resulting from crosses between 
resistan^t and susceptible parents, reacted as homozygous resistant 
except that they usually showed atypical high-temperature symptoms 
at a slightly lower tenperature. 

At«;soil temperatures around 22°-“24° C. transplants of F 2 segre- 
.gating progenies from resistant-susceptible crosses showed approxi- 
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mately 25 per cent typical susceptible plants, as they had previously 
shown in the field. As the temperature increased above this point the 
atypical high- temperature symptoms appeared, as was expected, in 
the heterozygous and homozygous resistant members of the popula- 
tion. As the temperature fell below this point the full expression of 
typical disease symptoms in homozygous-susceptible plants decreased 
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A CYTOLOGICAL STUDY OF CABBAGE PLANTS IN 
STRAINS SUSCEPTIBLE OR RESISTANT TO YELLOWS ‘ 


By Rose Smith, Research Associate in Plant Pathology^ University of Wisconsin ^ 
"and J. C. Walker, Agent, Office of Hortirult oral Crops and Diseases, Bureau of 
Plant Industry, United States Department of Agriculture, and Professor of Plant 
Pathology, University of Wisconsin'^ 

INTRODUCTION 

Yellows of (‘-abbaj^c (Fvsarium conglutinans Wr.) and the progress 
in its control tlirougli the development of resistant varieties have been 
discussed elsewhere (7, 8, .9, JO).^ Out of this breeding work certain 
pure lines of cabbages have been so(‘ured ( 14 )i some of whi(‘h are com- 
])letely resistant and others completely susceptible under held condi- 
tions. In genetic studies with this material resistance has been shown 
to behave as a single dominant Mendelian factor. 

When dependable homozygous-resistant and susceptible lines 
became available the writers began a study to determine if possible 
the cause of this marked resist an<‘e to the yellows organism possessed 
by certain lim'.s of cabbage and not by others. The problem was 
approached from two angles: (1) The influence of a number of envi- 
ronnumtal factors upon the stability of resistance was studied. The 
results ar(» presented in the paper immediately preceding this one (IJJ). 
(2) A cytologic, al study of infection and the relation of host to fiarasite 
in resistant as (‘ompared with susceptible lines was undertaken. The 
purpose of this study was to find tlu^ answers to several questions. 
Does the yellows organism invade the roots of resistant plants? If 
so, how extensively are the roots attacked? Are there any visible 
morphological differences between resistant and susceptible roots? 
Are there any visible differences in the reaction of the two types of 
host to the invading parasite? 

MATERIALS AND METHODS 

HOST MATERIALS 

As pointed out in a previous paper (I4)f most, of the commercial 
varieties of cabbage, with the exception of those ro(‘,ently developed 
for r(‘,sistance to yellows, contain a very large percentage of suscep- 
tible plants and practi(‘,ally always a small percentage resistant 
ones. From such commercial strains were made selectjtpns which 
appeared to be, homozygous for susceptibility under fietli' conditions. 
In the course of this cytological work both c.ommercial and selected 
materials were used. During the early part of tlie investigation, par- 
ticularly when selected susceptible material was not yet available, a 
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strain of the Copenhagen Market variety listed as Vaiigha.n^s Reso- 
lected Copenhagen, and designated in this paper as VRC, was used. 
In tests both in the field and in the greenhouse under controlled envi- 
ronmental (‘-onditions this strain was found to be very suscratible. 
Later, seed was used from a cross (C~16 X 31 B) between two Copen- 
hagen Market plants, a progeny wliich had been shown to be homozy- 
gous for susceptibility by the jpact that it succumbed very promptly 
to the disease under field and greenhouse conditions. A third lot, 
equal to the latter in susceptibility, was a mixture of seeds from 
tested homozygous-susceptible plants coming from a (‘ross between 
the two varieties All Head Early and Glory of Enkhuizen. This is 
referred to as HG-27A. 

For the study of the resistant host several progenies from all Head 
Early were used. These were seimred by self-pollination of individual 
plants from a line that had been selected for several years. The 
progenies used in this work were tested on infected soil in the field 
and in the greenhouse and showed no signs of disease except for 
certain abnormal symptoms when grown at a constant soil tempera- 
ture of 26° C. or above. The progeny numbers were 40~"350s, 40-353S, 
40-354S, 40--420S, 40-42 Is, 40-426s, and .40-524s. The behavior 
of these and other progenies under varying conditions is discussed 
in another paper (15, Table 2). They represent what has been 
referred to as ‘^homozygous-resistant^^ plants so far as resistance to 
the yellows organism is concerned {IJf). 

SOURCE OP INOCULUM 

The culture of Fusarium congluiwans used was isolated in Novem- 
ber, 1926, from diseased cabbage grown at Racine, Wis. From a 
single-spore culture the inoculum was increased on potato-dextrose 
agar. Isolations of the fungus from Fayetteville, Ark., Crystal 
Springs, Miss,, and Racme, Wis., respectively, were also employed 
for comparative purposes.^ 

METHODS OP STUDYING RELATION OP FUNGUS TO HOST 

Fungal penetration was studied in young seedlings grown on agar. 
The seeds were surface sterilized by immersing them in a 1-1,000 
solution of corrosive sublimate for five minutes. After being 
thoroughly washed in several changes of sterile distilled water they 
were placed in Petri dishes of soil-extract agar. Twenty-four to 
forty-eight hours later the uncontaminated seedlings wore trans- 
ferred to btlier Petri dishes of soil-extract agar and arranged in a 
pw, about emiidistant from one another, with the roots all pointing 
in the same airection. Inoculum was applied at definite points — in 
front of the rootiiap, along the sides of the root, and in the vicinity 
of root hairs. The Petri dishes, arranged in wire baskets so that the 
seedlings were held in abnormal position, were placed in a constant- 
temperature chamber kept at 24° C. 

Studies of the distribution of the fungus in the host were made 
with older plants grown in soil. Surface-sterilized seeds were sown 
in a cool greenhouse in flats of sterilized soil. When 30 to 46 days 
old the seedlings were transplanted to cans of artificially inoculated 

* ThSe last 3 cultures were provided by L. M. Blank. 
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soil. This was prepared by autoclaving field soil at a pressure of 
10 pounds for three hours on two alternate days. Twenty-four 
hours later the soil was inoculated uniformly with the fungus, which 
had been grown in pure culture on a mixture of corn meal and sand. 
After transplantation of the seedlings the cans were placed in tanks 
in which the desired constant soil temperatures were maintained. 

Considerable difliculty Avas experienced in removing ^mung grow- 
ing roots from the soil with their parts intact. The best results were 
secured by taking up a plant with a large clump of soil and gently 
agitating it in a vess(d of water until it was freed of soil particles. 
After being surface sterilized, thin slices of the sections being fixed 
were plated out on potato-dextrose agar. Those sections which 
yielded Fvsarhim covglvtinann and no otluT fungus were dehydrated 
and infiltrated with paraffin. 

Medium chrotn acetic, (lilson’s, and forniol acetic alcohiA fixatives 
wore employed. For detailed study of the fungus in Ihe host- Gilson^s 
fixative gave the most satisfactory results. The sections were cut 
from lOju to 13 m hi thickness. Flemming’s triple and Delafield’s 
haematoxylin and safranine were the stains used. 

ANATOMY OF THE NORMAL ROOT 

For the sake of clarity in the account that follows, a brief descrip- 
tion of the anatomy of tlie young healthy cabbage root- is given. As 
no morphologi(*al difforences were observed in the resistant and sus- 
<*eptibl(‘ strains studied, they are not discussed sc'parately. 

The growing tip of tlie young root is protected by a thin cap of 
cells. Slightly back of it the outermost layer of the primary meristem, 
the forerunner of the epidermis, differentiates. Its cells are radially 
(donga ted and rich in proto])lasm. Tangential division of its cells 
near the apex renews the rootcap from within as its outermost parts 
are lost. (Fig. 1.) Posteriorly, the cells become elongated axially 
and the outside wall may be pushed outward to form root hairs. 

The primary cortex is made up of four or five rows of elongated 
cylindrical cells separated from one another by large intercellular 
spaces. The layer surrounding the endoderrnis shows peculiar 
thickenings within 2 mm. of the growing point. (Fig. 2, D.) Both 
its radial and cross walls become heavily suberized (fig. 2, A) and form 
a 4-corn ered frame which is firmly w^edged in the cell and serves to a 
certain degree as support. On the inner tangential face ofXhese cells, 
i. e., the w all facing the endoderrnis, a netlike mesh js^^levcdoped. 
(Fig. 2, B.) Occasionally an incomplete net is formed on the opposite 
wall. This heavily suberized cortical layer completely surrounding 
the endodermis forms an important protective sheath (77). 

Both this layc'r and the endodermis differentiate at about the same 
time. The radial thickenings of the former are much more pro- 
nounced than those of the latter. The identity of the endodermis is 
determined by its location, immediately outside the pericycle, rather 
than by the small inconspicuous strips radially placed. The cortex 
extends posteriorly for a distance of 2 to 3 cm. Its cells enlarge 
somewhat as the root maturates. The outer vacuolated ones soon 
collapse and pull apart (fig. 2, A); the inner ones are stretched and 
torn, and gradually the whole tissue is detached. • 
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The pericycle of the stele is a single -layered concentric ring next 
to the endodermis. Its rectangular cells are small in cross section. 
(Fig. 2, C.) From meristems arising in it apparently opposite the 
xylem points the lateral roots originate. As these cells increase in 
number and size the walls of the endodermal and cortical cells are 
pushed apart. Their suborizod thickenings form a protective coat 
about the developing rootlet. 

Differentiation of the primary vascular tissue begins 2 to 3 mm. 
behind the growing region next to the pericycle. The sieve tubes of 
the protophloem are the first to differentiate. (Fig. 1.) Alternating 
with the two primary phloem groups, the elements of the two primary 





Ff(iUREl.- Cross .section tliroui^h the primary merlstem of a younK cabbage .seedling root: rc, 
Rootcap; ep, forerunner of epidermis; c, forerunner of primary cortex, four and five layers deep; 
j), pericycle^f. sieve tube. The primary phloem, but not the primary xylem, has begun to differ- 
entiate. >^about 200 

xylem groups next become distinguishable. (Fig. 2, C.) The proto- 
xylem groups progress centripetally (fig. 2, D and A) until they meet 
to form the xylem plate. From then on increase in the primary xylem 
takes place to the right ^nd left of the plate. 

Secondary growth is initiated when the seedling is about 3 weeks 
old, growing at a soil temperature of about 24® C. under greenhouse 
conditions. Bands of meristem arising between the primary xylem 
and phloem and gradually extending completely around the xylem 
cut off secondary tissues. Siniultaneously with the increase in the 
diameter of the stele the cortex is slowly loosened and finally sloughed 
off. ,Ta%ential division of the pericycle gives rise to a secondary 
protective tissue, the periderm. 



FK.itKE 2 -A, C’ross section of a younj? cabbage-seodlmg root m the stage where the epidermis 
and the outer cortex are collapsed. The cortical layer surrounding the endodernus shows its 
characteristic thickenings m both cross and radial walls X 173 Tl, 'I'augential longitudinal 
section of the cortical layer surrounding the endodermis. Note the characteristic net on the wall 
facing the endodermis The section passes through the suberized thickening of one of the radial 
walls X473 C, Cross section through the zone of maturation in a young root. r«, endodermis, 
pericycle; ph, phloem; x, xylem. The cells of the epidermis and i^oitex am vacuolate, the 
raiiial walls of endodermis are slightly suljerized, and the primary xylem points have been 
initiated X 173. D, Cross section of slightly older legion of the same root. Some cells of the 
cortical layer surrounding the endodermis have sulienzed cross and radial walls. The abbrevi- 
ations have the same meaning as in C. X 173 


far as possible the presence of other soil fungi, sterilized soil inoculated 
with the causal organism was used. This introduced the complication 
of injury to the root system due to toxins released by heating the soil. 
In order to understand the nature of this injury a study was made of 
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the roots of plants (016 X 3 IB) which had grown from seed for one 
month upon recently sterilized soil and upon imsterilized soil. 

The roots of seedlings grow^n in freshly sterilized soil and examined 
three weeks to a month later exhibited diflereni degrees of injury. 
Many of the very young ones were more or less discolored, varying 
from a dirty-white or yellow to a yellow-brown gum color; the older 
roots were less yellowed. The cortex of deeply yellowed roots was 
somewhat collapsed, and occasionally the growing region had disinte- 
grated. Microscopic examination of the fixed sections of these same 
roots often showed that the epidermis had disappeared and that the 
walls of the outer cortex were thickened. In some instances a few of 
the vessels were filled with a gumlike substance, young roots 
slightly discolored and older roots showing little or no discoloration 
seldom showed this response. 

The roots of seedlings grown on unsterilized soil were decidedly 
white and seldom exhibited any discoloration whatsoever. A micro- 
scopic examination of young roots showed that the walls of the epi- 
dermis and cortex were normal in thickness and that there was a total 
absence of plugged vessels. 

In the light of this evidence it became important not to confuse the 
effects of soil toxins with the possible effects of the invading fungus 
upon the host cells. 

RELATION OF FUSARIUM CONGLUTINANS TO SUSCEPTIBLE 
STRAINS OF CABBAGE 

Very little histological work has boon reported on the relation of 
Fusarium conglutinans to its host. Gilman (5) isolated small amounts 
of the fungus from the stpms of cabbage after their leaves had become 
markedly yellowed. lie found the hyphae and conidia confined to 
the xylem in the living host but after its death traversing all tissues 
and sporulating both within and at the surface. He believed that 
it attacked the roots first. Tisdale {13) observed the hyphae entering 
the root hairs of cabbage seedlings grown on artificial media. Both 
these workers presumably used commercial susceptible varieties, but 
they made no definite statement in regard to this point. 

The results of the present study will be discussed (1) in relation to 
penetration by the fungus and {2) in relation to its subsequent devel- 
opment in the susceptible host. The drawings, tmless otherwise 
specified, •are from preparations of VRC. 

PENETRATION 

Studies of fungal penetration wore made with seedlings grown at a 
temperature of 24° C, on inoculated soil-extract agar in the manner 
previously described. * The plants were examined at 24-hour inter- 
vals, and the seedlings were fixed one to eight days after inoculation. 
Microscojpic examination of the plates 48 hours after inoculation 
showed the fungus growing plentifully on the agar. Many of the 
hyphae wove themselves around the root hairs, some were in contact 
with the roots, and still others were seen penetrating the embryonic 
tissues. 

I^ore than 200 roots inoculated in the rerion of the root hairs were 
fixed and examined. In no instance was tne fun^s observed within 
a root hair filled with protoplasmic contents. Occasionally it was 
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seen in older hairs more or less devoid of contents and somewhat 
shriveled. (Fig. 3, A. D.) Penetration by way of the root hairs in 
the roots examined was so infrequent that it was of no consequence 



Figure 3.— Studies of penetration of Fusarium conglutinans in coininerciall> susceptible and in 
homozygous susceptible cabbage grown at 34® C. on inoculated soil-extract agar Fixations made 
three to eight days after inoculation A, Fungus in an epidermal cell and its root hair. X 473. 

B, Fungus in cortex and stele behind the impediment of wound response X 217. C, Ilyphae 
in the intercellular spaces of rootcap. X F7h. n, Hypha in root hair (Preparation from 
C-16 X 31B.) X 473. E, Hypha entering epidermal cell X 473 F, Hyjihao entering and 
within primary meristem. X 473. CJ, llypha within the latest differentiated tracheal vessel 
eight days after Inoculation X 473. H, l.»ongitudinal section of primary merlslom in the region 
which later differentiates into cortex, Uyphae intercellular. X 473. I. Hyphae in both primary 
and secondary roots. The indications are that the fungus passed from tnc main to the lateral 
root. The heavy darJc areas represent suberized walls, peculiar to cortical cells in the young root 
of cabbage. X 217. J, Gross section of a young root. Fungus both intercellular and intracellu- 
lar. (Preparation from 0~ltt X 31B,) X 473. 

whatsoever. Tisdale {13) reported penetration of cabbage root hairs 
by Fusarium conglutinans in young seedlings grown in tube culture of 
potato agar, but he did not state how frequently it occurred. 
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The most impoitunt channels of fungal penetration are the embry- 
onic region and the zone of elongation. Very soon after inoculation 
hyphae push their way in and out of the intercellular spaces of the 
rootcap and enter the primary meristeni. (F'ig. 3, F.) Infre- 

quently the fungus enters an epidermal (‘ell directly. (Fig. 3, E.) 
Behin<l the region of active <*ell division the cells of the meristpn 
become vacuolated and enlarged, particularly in their dimension 
parallel with the length of the root. The fungus has a longer tiine 
to attack this part of the root and is often rather abundantly dis- 
tributeci in its cells and in the interspaces of the zone of elongation. 
Figure 3, J, shows the hyphae within the cells and in the interceJlulai* 
spaces. In a longitudinal scM'tion (fig. 3, H) the hyphae are shown 
making their way unimpeded for a considerable distance. 

Fungal growth upward in the parenchyma of the older cortical 
tissue might facilitate infection of lateral roots by bringing hyphae 
in contact with emerging tips, but such a method has not been 
observed. When the lateral root breaks through the primary cortex, 
the hyphae occasionally j)ass into the root rupture and invade the 
maturated cortex of the main root. Fungal penetration in this 
region, however, is of little importance. The heavily suberized walls 
of the inner corti(‘al cells are an effective barri(U‘ to its inward progrc'ss, 
and in the natural se(iuence of development the parenchymatous 
cells of the cortex soon slough ofl*. There is a possibility that the 
fungus may pass from the main root to its lateral. (Fig. 3, I.) 

Fusarium conglutinans is a vascular fungus and inakes it way into 
the protostele while that tissue is stiil undergoing differentiation. 
(Fig. 3, G.) After the inru'rmost cortical cells become suberized 
the stele is barricaded and further radial ingress of the fungus is 
thwarted. Once within ^the vascular region, the fungus is more or 
less confined to the xylem and pushes into the aerial parts of the plant. 
In a few instancies conidia w ere found in the vessels. 

Cabbage is usually started in seed beds and transplanted into the 
field when 4 to 6 weeks old. During the transfer rootlets are fre- 
cjuently broken or injured. In an experiment to determine whether 
the fungus could penetrate injured tissue, the tips of seedlings grown 
under aseptic conditions were cut off. Some of these were placed in 
Petri dishes of soil-extract agar with inoculum directly in front of 
the cut portion. The checks were not inoculated. Three to five 
days later the exposed cells of cut ends of both inoculated and uninocu- 
lated roots were more or less collapsed and dead. Stained sections 
of fixeci^«:ia,terial showed the walls somewhat thickened, and both 
walls and lumina stained heavily with safranine. Occasionally, the 
fungus passed the impediment of wound response and entered the 
cortex and stele. (Fig. 3, B.) 

In the penetration f^tudies of cabbage seedlings grown on inocu- 
lated soil-extract agar the most important places of fungal entrance 
are the embryonic region of the root by way of either the rootcap 
or the outermost layer of cells of the primary meristeni in the zones 
of active cell division and elongation. In addition, at times, the 
fungus may enter injured or broken roots, and infrequently makes its 
way in by the root hairs. The method of entrance is usually inter- 
cellular and infrequently intracellular. 
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SUBSEQUENT DEVELOPMENT 

Further investigations of Fusarivrn corujlutinann in relation to its 
host were continued on somewhat older plants grown in the soil. 
vSeeds of TIG~27A were sown in a cool greenhouse in flats of sterilized 
soil. Thirty days later they were transplanted to cans of artificially 
inoculated soil and placed in tanks kept at an approximately constant 
soil temperature. Cabbages grown at 18^ to 22° C. exhibited slight 
yellowing of the lower leaves 22 to 24 days after the transfer. The 
yellowdng became deeper and more extensive and the disease advanced. 
Then the younger leaves underwent a similar alteration. Four days 
after the first ill effects were noted some of the plants were dead. 
Most of them, however, remained alive from a week to 15 days. 
At 24° to 25° the first disease symptoms were displayed 12 and 10 
days, respectively, after transplantation, and the death rate was more 
rapid than at the lower temperature. At 28° and 80° the plants 
manifested characteristic disease symptoms somewhat earlier and 
succumbed more (luickly. 

When the leaves began to yellow the plants were sectioned and 
fixed. The primary cortex of the root was frequently yellowed; 
in advanced stages of disease the vascular systems of the root and 
stem and occasionally the veins of the petioles and leaves were more 
or less brow^ned. In general, no appreciable difl’erences were observed 
in the distribution of the fungus or in its relation to the host in the 
plants grown at the various soil temperatures. To avoid undue repe- 
tition tliis report is limited to plants grown at 24° C. 

1''he fungus was found to enter through the embryonic structures 
of the root and to make its way readily into the vascular system of the 
primary and secondary roots. C\)mmonly, only a few hyphae were 
discernible, and these were usually confined to the vessels and paren- 
chyma of the xylem. Figure 4, 6, shows a longitudinal section of a 
young root. A hypha is seen entering at a, and a number of mycelial 
threads are distributed in the procambial region. In a cross section 
of a young root (lig. 4, A) the fungus is present in the vessels and paren- 
chyma of the primary xylem. In very severe cases of infection the 
primary tissues as far as the procambium strand were often so dis- 
organized that the tracheal vessels were left bare. 

The distribution of the fungus in the young secondary root was 
similar to that already described for the primary root. In a few of 
the roots examined the fungus was present in both cortex and stele 
(pi. 1, A), but more frequently it was confined to the xylem. The 
hyphae were vigorous; once in a while septations were ob^rved in 
them, and conidia were sometimes in evidence. (PI. 2, A, and fig. 4, 
1).) In such cases the host did not exhibit any unfavorable reactions. 
In others the vessels were plugged with gummy material, but no 
definite relationship could be established between the fungus and the 
occlusions. (PL 1, D, and lig. 4, G.) 

In the older taproot the mvasion was generally more extensive. 
The fungus had had a longer time to attack the tissues and had been 
reinforced with mycelial threads from the lateral roots. Wood fibers, 
cambium, secondary xylem, and phloem had been differentiated. In 
many of these roots the fungus occurred in the xylem only. At times, 
however, in very severe cases of infection hyphae were present in all 
tissues of the stele. (Fig. 4, C.) Although most of the hyphae ran 
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parallel to the length of the root they sometimes made their way 
radially from one parenchymatous cell to another (fig. 4, E) or passed 
through the pits of reticulated vessels (fig. 4, F). Plugging of 
vessels in the older root did occur, but it was infrequent and could 
usually be traced to occluded vessels of the secondary root. 



Fku'RK 4.— Homozygous, susceptible cabbage transplanted to inotnilaied soil maintained at soil 
temperature 24® (J. and fixed 12 to 18 days later: A, Cross section of a young root. Fungus in 
both vesstds and parenchyma of the primary xylem. X 473. B, Longitudinal section of a young 
root. One hypha entered at a. llyphao distributed throughout the primary raeristem. X 217. 

{\ Ooss section of an older ijoot in which secondary differentiation has taken place. Hyphae in 
3f par, xylem parenchyma; i v, tracheal vessel; w f, wood fiber; c, cambium; and ph, juiluem. 

X 473. 1), Conidia in longitudinal section of a tracheal vessel. X 473. E. Hypha making Its wav 
radially in the xylem parenchyma. X 473. F, Hypha passing through pit of a reticulated vessel. 

X 473. G, Cross section of a taproot . Some of the vessels are plugged with a gtimllke substance; 
some are invaded by the fungus. There is no apiMirent relationship between the fungus and the 
occlusions. X 473 

In the upper hypocotyl and in the zone of transition between root 
and Stem, the oldest part of 'the plant, the relative abundance of the 
hyphae diminished. Lateral roots were no longer bringing in additional 
hyphae. - The fungus w as confined to the tissues of the rsylem. Ooca- 




HOMOZYGOUS SUSCEPTIBLE CABBAGE TRANSPLANTED TO INOCULATED SOIL 

Maintained at a Soil temperature of 24® C. and Fixed 1 2 to 18 Days 
LATER. All X 100 


.A, Longitudinal section of a secondary root Hyphae in both stele and cortex; B, cross section 
of young stein Hyjihae in both vessels and parenchyma of xyleni, C, cross section of stem 
Ifyiihae m both vessels and parenchyma of xylem. The walls of four of the invaded vessels are 
browned and the lumen of one is half lllled with a gumlike substance, T), longitudinal section 
of a secondary root. Two of the vessels are filled with gumlike substance. There is hypha at 
the left of the lower occluded mass designated by the arrow. 
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Homoz'P'gous susceptible Cabbage Transplanted to I noculated soil 
Maintained AT A Soil Temperature OF 24° c. and Fixed 1 2 to 18 Days 
LATER. All X 1 10 

A, LoiiKjtiidiniil section of secondary root. Tonidia present in the stele; H, the hyphae e\toiid 
parallel with the length of the vessel; C\ both hyphae and conidia are iireseiit in the \yleni ele- 
ments, Tl, hyphae present in the xyleni of the stem Three of the invaded vassels have (heir 
walls decl<iedly browned; ¥>. liyphae are established in the xyleni elements of the petiole. 
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sionally a tracheal vessel stained yellowish red with safranine. This 
is the characteristic way that browned vessels react to the stain. 
There is practically a total absem^e of plugging except in the proto- 
xyleni which is being crushed out by the secondary tissues. 

Most of the bundles of the stem are free of the organism. In some 
few, however, it o<‘curs in the tracheae and parenchymatous cells of 
the xylem. (Pis. 1 and 2.) The walls of some of the vessels are 
frequently browned in the later stages of disease. Plugging is infre- 
quent and seldom associated with the fungus. Occasionally the con- 
tents of one or two near-by parenchymatous cells are granular. (PI. 
1, C.) Relatively few hyphae pass into the veins of the petioles and 
IcaA'CS. (PI. 2, E.) l^lugging of the vessels with gumlike occlusions 
was occasionally observed in the petioles. 

RELATION OF FUSARIUM CONGLUTINANS TO RP^SISTANT STRAINS 

OF CABBAGE 

As already stated, progenies of All Head Early plants homozygous 
for resistance to Fumriurn conglutinans were used. The method of 
studying the fungus in relation to the host is the same as that em- 
ployed for the susceptible host. 

PENETRATION 

Seedlings grown on inocuilated soil-extract agar at 24^ C. were used. 
In the plate cultures there was no indication that a substance which 
was antagonistic to the fungus diffused out from the host, inasmuch 
as th(». hyphae grew in proximity to the roots, as already described 
for the susc.eptible plants. Nevertheless penetration was infrequent, 
as shown by th(‘> complete absence of the fungus in a large percentage 
of the roots sectioned. An examination of a large number of roots 
sliowed that the avenues of entrance were the same as those already 
described for the susceptible host. Evidence was obtained that the 
fungus pushed through the intercellular spaces of the rootcap (tig. 5, 
B), made its way betw<^on the epidermal cells (fig. 5, C), penetrated 
the epidermal cells directly (fig. 5, D), or entered root hairs (fig. 5, A). 

The fungus also enters through wounds. The tips of a number of 
young seedlings were removed under aseptic conditions. Fixations 
were made thret^ to five days later. The walls and cells of the injured 
portions stained heavily. Figure 5, J, represents the condition as 
observed in one inoculated root a short distance behind the incision. 
Some portions of the section still show the effects of the niYitilation. 
Hyphae are present in the xylem elements. 

The root of one seedling fixed four days after inoculation was an 
exception to the general rule. In the zone of elongation for a dis- 
tance of about 1 mm. the walls of the cells in the inner portion of 
the cortex thickened abnormally and stained heavily with safranine. 
The lumina of some cells were filled with a gumlike substance, but no 
hyphae were in evidence. Mycelial threads were numerous about the 
periphery and in some instances pushed into the intercellular spaces 
of the epidermis and outer cortex. Not inuch of the invaded tissue 
was affected by the accumulation of gumlike substances. However, 
certain unusual reactions of host cells and fungus were noted and are 
illustrated in Figure 5, E~G. The walls of the cortical cells in a num- 
ber of successive sections were thickened but no hyphae were in evi- 
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deuce. This reaction in the root can not be explained with certainty. 
It may be due to the fungus. From the large number of resistant 
seedlings that did not respond to its presence this does not seem 
probable. Jt is more likely that the seedling was injured in trans- 
ference to the inoculated agar and that the reaction is a wound 
response. 

Generally there is little fungus in the zone of elongation. At times, 
however, a number of hyphac penetrate the intercellular spaces of 
the epidermis and enter the parenchymatous cells of the cortex. 
(Fig. 5, H.) The cell walls are pushed aside by the incominij fungus; 
but, with the exception cited, they neither thicken nor stain differ- 
ently from those of the invaded tissue of the susceptible host. There 
is no accumulation of material in advance of the hyphae either within 
the cells or in the intercellular spaces. The host is apparently un- 
affected and the fungus appears normal. 

The fungus seldom penetrates the stele of resistant seedlings grown 
on agar. One seedling fixed four days after inoculation showed a 
number of invaded vessels, one vigorous hypha extending a consider- 
able distance in a vessel which underwent no apparent alteration. 
(Fig. 5, I.) The apical part of another vessel in the latest differ- 
entiated xylem of the same root was occluded. A mycelial thread 
was faintly distinguishable within, but it had lost its turgor and was 
somewhat flattened. Posteriorly in the same vessel it again appeared 
normal and the passage within the vessel was in no way obstructed. 
(PI, 3, C.) 

For purposes of comparison, seedlings were inoculated with a 
second isolation of Fnmrmm conglutinam from Racine, Wis., and with 
one each from Arkansas and Mississippi. A few hyphae penetrated 
the interspaces of the epidermis and sometimes invaded the differ- 
entiating cortex. No differences were detected in the relationship 
of the host and the fungus in these isolations and in that of tiie Racine 
isolation of November, 1926. 

SUBSEQUENT DEVELOPMENT 

Further studies of the distribution of the fungus in the resistant 
host were made with cabbages grown in infested soil. The method 
of treatment was the same as that already described for the suscep- 
tible host. When the seedlings were 1 month old they were trans- 
planted to inoculated soil maintained at the desired temperature. 
Plants were fixed at various intervals 30 to 40 days later. In the 
earlier investigations the fungus was not detected in the many plants 
sectioned and stained. To facilitate the search for the presence of 
the fungus in the later work, thin slices from each portion being fixed 
were plated. Those from which the fungus was recovered were 
dehydrated, infiltrated with paraffin, and sectioned. 

The fungus was rarely found in plants grown at soil temperatures 
below 28° C. and only to a limited extent in those grown at 28° 
and 30°. In the majority of infected plants studied the fungus 
was confined to the root; infrequently it extended into the stem. 
Wherever found, its cells were usually turgid and well supplied with 
protoplasm. 

Most of the plants from which the fungus was recovered in only 
the roots displayed no external evidence of disease and exhibited no 
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PLATE 3 



Homozygous Resistant Cabbage. All X 160 

A -1), 'J’ransplantod to inoculated soil maintained at a soil temperature of 28° (\and fixed 20 lo 10 
days later; A , two s essels ami a number of parenchymatous cells m a x^ascular bundle of the stem 
I>luyued. 'Fhe fungus does not appear to be present, B, the contents of two iiarenchvmatous 
cells wdiich contain hyphae are (juite granular, (\ an abnormal hypha is faintly distinguishable 
w ithiii the occluded vessel; 1), the coiilenis of the paienchymalous cells immediately surrounding 
the invaded trachea stain somewhat ileoply 1'he unfavorable reaction mav be due to the 
presence of the fungus, K, grown on inoeulateil soil-extract agar at 24° V. and fixed 8 days later. 
'J'he fungus is abundant in the stele of an older root. The host shows no uufu\ oruble response 
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FKiiTRK r> -fitudies of ponotnition of Fumrium conglutinamt in lionio/ygous-rosistunt pnbbago 
grown at 24° in inoculated soil-extract agar Fixations made three to eight days after inocu- 
lation A, ITypha in root hair X 473 B, Cross section of root-cap. Hyphac in the spaces 
between cells being sloukdied off X 473 ( Hypha entering intercellularly, X 473 J ), llypha 
that has penetrated cell of outennost layer of iiriuiary merlstem. X 473 E-(t, Sections of a 

root in which there are evidences of disturbance X 473. K, liypha passing between two cells 
of the outermost layer of priuuiry inoristein and in contact with dark-stainmg mass K, The 
hypha still outside the host Its tip stains heavily and the walls of the cells in front of it are 
swollen and laminated. G, A deeii-staining substance is deposited on each side of the hypha 
at a, w’here It meets the inner will of the outermost layer of th(‘ primary menstern; at b the wall 
is thickened; however, the fimgus is in contact with only a small part of it. II, Gross section of 
a young root Fungus both intercellular and intracellular. X 473. I. Hyjiha within the 
litest differentiated tracheal vessel. X 473 J, Fungus in cortex and stele behind the impedi- 
ment of wound response. X 217 
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svinploms of browning. Very little fungus occurred within any of 
tnem. At times it was recovered in platings, but it could not be 
detected in the fixed section from which the plating was made. In 
others one or more vessels contained a few hyphae and at times the 
parenchyma was invaded to a slight extent. 

Various evidences of disturbance within the host were found, but 
none of them occurred uniformly. Invaded vessels were usually 
not obstructed by any gumlike substance, but at times the hyphae 
within seemed to form a conglomerate mass, and in a few instances 
gumlike deposits were associated with the pathogene. The contents 
of parenchymatous (‘ells surrounding them sometimes stained more 
heavily or were more granular than those of neighboring cells, suggest- 
ing possibly that their protoplasm had responded to the presence of 
the fungus. Parenchymatous cdls in which the fungus was estab- 



B 

Figure 6 —Homozygous -rosi.stant cabbage transplanted to inoculated soil maintained at a soil 
lemperaturo of 28° C. and fixed 30 to 40 days later. .Cross sections of young roots. A, Hyphae 
occupy one vessel of each of the xylem groups The contents of two of the parenchymatous 
cells surrounding a are slightly granular Note that none of the vessels are plugged with a gum- 
like substance X 217. B, Cross section of a young root. Hyphae and deposits or disintegrated 
hyphae are present in one of the vessels. Note that th€> vessels of both primary and secondary 
xylem are plugged but that no hyphae are evident in the gumliko mass. X 473 

lished usually contained but one hypha and underwent no apparent 
change.’ In some roots there was no indication of plugging; in others 
one or more of the xylem elements were filled with the gumlike 
substance. (Fig. 0.) 

When the invasion was more extensive at the time of fixation, the 
plants often appeared somewhat stunted and the leaves showed 
atypical symptoms described elsewhere {15), Browning was present 
in the wails of some of the tracheal and of some xylem parenchyma 
cells of both root and stem. Sometimes a large part of the young 
taproot was disorganized and hyphae permeated all its tissues. But 
in the older portions of the same root where the tissues were intact 
they were confined to the vascular system. (PI. 3, E.) If disturbances 
appear within the host they are confined largely to the growing portions 
of the stem. Sometimes the parenchymatous cells surrounding vessels 
in which the fungus is established stain more deeply than those of 
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neighboring cells. (Pi. 3, D.) Occasionally the contents are quite 
granular and massed about the hypha within. (PI. 3, B.) At still 
other times the vessels in some bundles are more or less plugged in 
the apparent absence of the fungus. The case shown in Plate 3, A, 
is typical of such a condition. 

DISCUSSION 

The primary purposes of this investigation were to determine 
whether there were any apparent morphological differences between 
the cabbages resistant and those susceptible to Fumrium conglutivarifi 
and whether there were any visible reactions to the presen(‘e of the 
pathogene which might give a key to the basis of resistance. 

Browning of vascular elements as previously retiorted by Jones and 
(Jilman (7), Melhus, Krwdn, and Van Haltern (lO), and others is a 
characteristic symptom of the later stages of yellows, but it is probably 
in no way related to disease resistance. In the incipient stages and 
in cases of slight infection it is either absent or inconsjiicuous. Only 
in advanced stages of disease, such as are (‘omnion to the susceptible 
host, does it become noticeable. At times it advances somewhat 
ahead of the fungus. It seems to be a res])onse of the host to the 
presence of the jiathogene. As is to be expected, if its formation is 
dependent upon the fungus it is more marked in the susceptible host. 

As already noted (/J), in the case of resistant plants grown at 
higher temperatures some browning of the vascular system is common 
in root and stem. In the majority of such cases the fungus was not 
recovered by plating. Rosen {11) has suggested in the case of cotton 
wilt that the fungus might produce in the soil toxins which, being 
absorbed by the plant, might cause browning without invasion by the 
parasite. In the case of resistant cabbage it is probable, juclging 
from the histologic'.al evidence presented in this paper, that at high 
temperatures there may be some invasion of the root tips without 
further advance into the xylem. It is possible that under such 
(‘ircumstances the excretory products of the fungus may be carried 
up the xylem and result in discoloration of the latter. 

The plugging of vessels and of parench 3 ^matous cells with a gumlike 
substance has been reported by Jones {6) in the winter injury of 
alfalfa, and in the Fusarium wilt of cotton Fahmy (4) noted its 
occurrence in some of the smaller cells near the invaded xylem cells. 
Under a number of circumstances it may occur in cabbage in the 
absence of Fumrium conglutinans. Exposed cells of cut roots and 
more recently differentiated elements of the roots grown in sterilized 
soil often contain these w^axlikc deposits which may be the product of 
the coagulation of cell contents and of a protoplasmic response in 
adjacent living cells. Protoxylem elements m the region of transition 
between root and stem, and leaf traces in the normal cabbage some- 
times have their passages more or less obscured because of the pressure 
exerted upon them. 

In the cabbage seedlings grown on inoculated agar, plugging was 
observed in some of the invaded vessels of the resistant but not at all 
in the susceptible host. The comparison was limited, however, to a 
small number of roots in which the infection extended into the xylem. 
In the older cabbage the fungus is largely confined to the vessels and 
parenchyma of the xylem. Sometimes occlusions of gumlike material 
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block these structures, particularly in the younger parts of the stem 
and root. Observational evidence indicates that it is more frequent 
in the resistant than in the susceptible host grown in infested soil. 

The deposit is undoubtedly a response of the host, probably of 
living cells. Its occurrence in the resistant seedlings grown on agar 
suggests the possibility that it may halt the progress of the fungus, 
but the fact that it occurs in the young roots and stems of both 
homozygous resistant and susceptible lines weakens this assumption. 
The evidence taken as a whole rather suggests that different disturbing 
agents may cause injurious effects which promote a similar response 
and that the accumulation of this gumlike substance is an after 
effect and does not necessarily represent a form of resistance. 

Fumrium conglutinans seldom gains entrance into the homozygous- 
resistant strains of cabbage, but when it does so it enters by the same 
routes as in the homozygous-susceptible lines. The avenue in each 
is largely by way of the intercellular spaces between the outermost 
cells of the embryonic portions of the root. The absence of direct 
penetration of active cells and root hairs may be due to their turgidity 
or to the fact that their distended walls offe^* no place of lodgment for 
the hyphae or that their contents are unsatisfactory for the fungal 
requirements. 

It seems hardly possible that resistance is bound up with any vola- 
tile substance emitted by the host, for hyphae develop plentifully 
about the seedlings grown on inoculated agar, but only occasionally 
penetrate. When they do enter there is, in general, no visible response 
of the host, which accounts for their sparsity. Evident morphological 
differences between the resistant and the susceptible lines which 
seemed to be responsible were not detected by either Tims {12) or the 
writers. , 

When cabbage roots are mechanically injured the living cells 
that are severely affected die. In general, the walls of the cells in 
the immediate vicinity thicken and the wounded portions heal over. 
Occasionally, in both resistant and susceptible strains of the host, the 
fungus was found established in the xylern beyond the barrier, but 
no differences in the response of the two types of hosts were observed. 
In an experiment reported in another paper {15, Table 6), the roots were 
severely pruiied and then transplanted to infested soil. Forty-four 
days after transplantation the majority of the susceptible plants had 
succumbed to yellows, while the resistant plants showed no symptoms* 
of disease. This brings out the fact that resistance is not confined to 
the embiymnic portions of the root and even though the fungus 
may enter through wounds it does not thrive in the resistant host. 

In a few instances hyphae contained yellow to brown granules, 
which might suggest a possible detrimental effect of host substance 
upon the fungus, fjowever, they are relatively rare and are found 
fully as often in the susceptible as in the resistant plant. 

Considerable comparative study has been made of the cell walls of 
plants which have strains that are susceptible and resistant to para- 
sitic soil fungi. Tisdale {13) working with Fusarium Uni of flax noted 
that it penetrated the cortical parenchyma of the resistant plants and 
that it stimulated cell division and cork formation in cells adjacent 
to those attacked but that the fungus was not able to invade the 
tissues to any extent. In a histological study of resistance of tobacco 
to Tkielaria basicola, Conant {1 ) reported that under the influence of 
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fungal stimulation all secondary tissues of the roots of resistant plants 
ex(‘ept dead xylem elements could produce cork cells by developing a 
phellogen in advance of the invasion. In a cytological study of a 
strain of corn susceptible to Glhberella muhimttil grown at 12° C. on 
agar and inoculated at definite points on the mesocotyl, Pearson ^ 
found that the fungus entered through root ruptures, and although 
the walls of cortical cells in contact with it thickened and gumlike 
deposits formed in advance of it, the pathogene made its way readily 
through the (‘ortex. Resistant strains grown at 12°, a temperature 
favorable for the development of the disease in the susceptible host, 
are highly resistant to the organism (^3). By means of microchemical 
tests Dickson and Holbert {2) analyzed the nature of this resistance. 
They found that the cortical w alls of the mesocotyl in the susceptible 
strain grown at 24° and of the resistant strain at 12° and 24° each 
formed cellulose walls impregnated with suberin, w'hereas those of the 
susceptible seedling grown under unfavorable conditions at the lower 
temperatures did not have walls of true cellulose but were made up 
of intermediate j)ectinlike substances which the parasite was able to 
dissolve and utilize as food. 

The investigations reviewed were all made with tissues in wdiich the 
cells were relatively more mature than that region of the cabbage root 
through w^hich Fv.sariiini conghiiinarii^ enters, where the tissues are 
largely embryonic and the cell walls are in process of formation. The 
parasite growls through this region and makes its w ay to the differen- 
tiating tra<‘heal vessels. All the evidence indicates that resistance to 
the pathogene exists even in the youngest portions of the roots of the 
homozygous host. If this is the case, resistance in the actively grow ing 
region must be almost entirely bound up with the protoplasm. 
Through selection of resistant strains, physiological qualities or 
chemical substances antagonistic to the lungiis have undoubtedly 
been increased or have been uniformly distributed throughout the cell. 

In general, under greenhouse conditions, browning of the vascular 
elements is a chara<’teristic symptom of the later stages of disease 
produ(*ed by Fvsariurn coiiglutivaus. While plugging of the xylem 
with a gumlike substance does not occur uniformly, it seems to be a 
response of the host to the injurious effects of the fungus. The cyto- 
logical studies made show that resistance is the result neither of 
morphological differences between the resistant and susceptible hosts 
nor of visible reactions produced by the resistant host to the presence 
of the parasite. Since it is present even in the rneristematic fegion of 
the root where cell-w^all differentiation is incomplete it may be dffe 
to the cell contents that have been altered by selection and that are 
adverse to fungal development within the host. 

SUMMARY 

Fumrium C07igluti7ia7hs makes its entry into the root of the cabbage 
intercellularly and occasionally intracellularly in the rneristematic 
regions of the root, i. e., through the growing point and the zone of 
elongation, and infrequently through root hairs. In injured roots it 
enters through both rneristematic and permanent tissue. Its progress 
through the root and stem is largely confined to the xylem. 

« P£AR«oN, N. Ij. the PAR.\siTiHM OF GiBBERKLLA hattrinktth. (Maiiuscnpt ill preparation.] 

ia89(H>-~30 
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The fungus readily enters homozygous susceptible cabbage seedlings 
grown at 24® C. on inoculated soil-extract agar, but it penetrates only 
occasionally homozygous resistant strains grown under the same 
conditions. 

Cabbage homozygous for susceptibility, 1 month or more old, 
grown on inoculated soil at temperatures 20®-30® C., is practically 
a total loss. Cabbage homozygous for resistance, of a corresponding 
age, grown under the same conditions, is almost completely resistant 
up to 24®~26®. At 28® and 30® the pathogeno is largely ci^nfined to 
the root, but it may rarely extend into the aerial portion and bring 
about the death of the host. 

Resistance to the fungus in strains of cabbage which have proved to 
be homozygous for resistance to Fusarium conglutinans prevails 
throughout the embryonic and permanent tissues of the root. A 
comparison of strains of cabbage homozygous for susceptibility with 
those homozygous for resistance does not in any way indicate that 
resistance is associated with morphological diflerences, with visible 
differences in wall composition, with suberization, with gumlike or 
other perceptible wall-occluding substances , or growths, or with vola- 
tile sLiDstances. All evidence points to the conclusion that resistance 
in actively growing tips must be almost entirely bound up with the 
protoplasm and be attributed to antagonistic chemical substances or 
physiological qualities. 
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A STUDY OF THE ACCURACY OF MEASUREMENTS OF 

DAIRY CATTLE' 

By Jay L. Lush, Animal 11 nshand man^ Breeding 1 neesilgatuins, and 0. C. 

Copeland, Dairy 11 unban dm an, Texan Agricultural Experiment Station 

INTRODUCTION 

One of the principal difficulties in genetic and nutritional experi- 
nieiits with domestic animals is to })resent in numerical terms an 
a<*curate and objective description of the animals at the beginning 
and during the course of the experiments. Descriptions not expressed 
in numerical terms are with difficulty, if at all, amenable to statistical 
treatment. Ag:e and weight partially comply with the recjuirernents 
for a satisfactory description, and are almost universally used. They 
are, however, woefully inadecpiate as a means of describing an animal 
so that a reader (‘an reconstruct it in his own mind and see it as it 
actually is. For some animals, such as dairy cows, hens, fine-wool 
sliet'p, draft hors(‘s, race horses, etc., there are production records 
which serve as additional and very valuable descriptions. These, 
however, are in(‘ompIete, since animals with equal records of produ(‘- 
tion often difler widely in shape, fatness, (piality, and other attri- 
l)ut.es. Photographs, if tak('n wdth due ivgard to avoiding distortion 
of perspective and such photographic' tricks, are accurate and ob- 
jective, but it is difficult or im])ossible to treat them statistically 
evcTi for su(*h a simple thing as obtaining an arithmetical average. 

Measurements of various parts of the animal have been used to a 
considerable extent as additional means of desci'ibing animals and 
studying (dninges in size and shape. Their use has beem ('s])ecially 
common in studies of dairy cattle, but they have also been us(*xl for 
beef cattle, horses, sheep, and even for swine. Since measiu'ements 
are expressed in numerical terms, they are subj(H‘t to statistical anal- 
ysis. If candully taken, they are almost purely objective, and some 
are exceedingly accurate. Others depend to a considerable extent 
upon the position of the animal, and may vary considerably wdth 
undetected variations in the pressure with wdiich the operator, applies 
the measuring instruments. Since the validity of the findings ’is de- 
pendent to a considerable degree upon the accura(‘y of the original 
measurements,^ it was thought worth while to make a study of the 
extent of error normally encountered in taking jueasurements. Dairy 
c.attlo were used for the study. The results, noted briefly in a study 
of beef steers, are here presented in detail. 

> Received for publication Sept. 30, issued June, 1U30. 

* Shewhart, w. a. correction of data for errors of meahurkmknt Bell System Tech. Jour. 
/». 11-2(1. 1926. 

^ Lush, J. L chanoes in hodv measurements of steers dvrinl intensive fattening. Tex. Agr. 
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METHODS OF MEASURING 

Nine Jersey cows were each measured 11 times. Twenty-five dif- 
ferent measurements were studied. The cow stood on a level scale 
platform while these were being taken, and one man kept her in 
what was considered a normal position. Another made the measure- 
ments, and a third recorded them. All measurements were made by the 
same person. After one set was made, the cow was led off the platform 
and tied in the shade until at least two, and iisually three or four 
other cows, had each been measured once. Then the first cow was 
led back on the scale platform and the second set of measurements 
was taken. This was repeated until 1 1 sets were taken for each (*ow. 
The interval between measurements gave sufficient opportunity for 
the cow to change her position and also for the observer to forget 
the figures for the previous set. The recorder was careful to make 
no coruinent on the previous measurement before the observer had 
announced the result of the one being taken. Since this work ex- 
tended over several days, the 11 sets of records for each cow were 
not all taken on the same day but extended over parts of tw^o or tliree 
days in each case, thus giving additional opportunity for temporary 
variations to be manifested. 

EXPERIMENTAL ANIMALS 

The cows were selected for measuring with two objects in mind: 
(1) To obtain a group which w^as representative so far as age was 
concerned of the milking herd of the station; and (2) to use whei’o 
possible cows which were dry or far advanced in their lactation period, 
so as to interfere little with the milk production of the herd. The 
cows ranged in age from about 2 years and 4 months to 13 years and 
3 months, most of them being near the lower limit. All were purebred 
or high-grade Jerseys. The measurements were made late in June, 
1928. 

When the data were being analyzed, the question whether the 
ern>rs in measuring tended to vary writh the size of the animal 
measured assumed considerable irnportfance, and, in order to get more 
evidence on this point, 10 heifers were^ measured in the manner 
described above, 1 1 sets of measurements being made on each. This 
group of measurements was made late in December, 1928, and the 
time spent in measuring extended over several days. The heifers 
were, selected so as to include all in the herd as near 1 year old as 
possible. ‘Nine were between 9 and 14 months old, but 1 w^as only 

months old. All were purebred or high-grade Jerseys. The man 
who measured the heifers had acted as recorder w hen the cows were 
measured. 

M^ITHOD OF CALCULATION 

The method of calculation follows that described by Fisher ^ under 
the general title Analysis of Variance, and is the same as that used in 
a study of the accuracy of cattle weights® and in a study of the 
accuracy of appraisals of dressed beef.® 


< Fisher, R, A. statistical m ethods for research workers. 230 p., lllus. Edinburgh and London . 
1925. 

» Lush, J. L., Christensen, F. W., Wilson, C. V., and Black, W'. IT. the accuracy of cattle 
WE iOHTs. Jour. Agr. Research 35- 651-580. 1928, 

♦ LjCSH, Jk L., Black, W. H., and Sfmfle, A. T. the use of dressedtREEf apfraisals in measuring 
TH gUjlARKET UEStftABlLlTY OF BEEF CATTLE. Jour. Agr. Research 39: 147-162. 1929. 
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Table I - Chest-width measurements {in centimeters) of nine cows 


(’ow^ No 

1 

2 

3 

4 

Mt*asi 

5 

iremont 

6 

No — 

7 

8 . 

9 

10 

11 

Aver- 

age 



41 

34.2 

31.0 

33.1 

30 8 

30.8 

30 9 

32 3 

31.4 

32 8 

31.8 

31.8 

31.00 

119-- - 

40. S 

43 4 

42 4 

42 1 

42.7 

41 0 

41.9 

44.8 

42. 1 

41 8 

44. 5 

42. 50 

177 

40.3 

38.7 

39 0 

39.1 

38. 5 

39. 1 

37 2 

38 4 

36 1 

41 1 

38 2 

38. 70 

1S4 

35 4 

37 0 

33 0 

38 0 

34. 2 

35. 6 

33 8 

33, 5 

34 0 

35 0 

35 8 

35 08 

1H9 ... 

33 6 

32.0 

33.8 

33 3 

32.7 

32 0 

34. 1 

32 8 

3.5. 6 

31 8 ! 

34. 5 1 

33 29 

191 

3«.K 

38.2 

37.2 

30.1 

3(1 8 

37.2 

35.0 

36.7 

38.7 

36 3 

36. 2 

36. 89 

193 . 

3H.9 1 

37 8 

40.9 

41.8 ! 

36 8 

40.7 1 

40.7 

36. 4 

38.8 

41 1 

39.8 1 

39. 43 

.314 

28 1 1 

27.9 

28. 9 

31.3 1 

28.7 

27.0 I 

29 5 

31 4 

28 9 

28 0 i 

28. 6 1 

28. 94 

315 

33. 2 

31 3 

33 4 

32.8 1 

1 

31 8 

31.8 

32.0 

32 6 

30 3 

33 5 

31. j 

' 32 16 


Table 1 shows the original data for chest width as obtained for the 
nine cows fj'om the milking herd. In all, there are 99 measurements 
in Table 1 , and the variations among these 99 items sho^v in general 
two things: (1) These cows actually do differ from each other rather 
markedly in chest width and (2) the different measurements taken 
on the same cow do not agree exactly; that is, there is a certain amount 
of error in measuring. 


Table 2. — Analysis of variance in chest-width measurements of nine cows 


C'ause of \ anation 


VII , 

Oiffcrt'ruvs iM’tween cows.. . 
Inaccurac’y of measurements __ 


i Degrees 
, of 

' freedom 

1 

1 

X 

1 

S' 

5 

1 Mean 

1 varianet* 

! Total 

[ deviation 

per degree 
of freedom 

' - , 1 

variance 

98 

Centi- 

jneters 

4 27 

i 1 

j 18 2614 ! 

1,789 62 

8 

1 

2(W. 5788 1 

1. 636 63 

90 

1"^ 'L3 ’ 

i 

1 1 6099 1 

152.99 


Table 2 shows the calculations for the data presented in Table 1. 
The total A^ariance shown by the population of 99 items is 

1 ,789.62. But of this total, 1 ,636.68 ‘is due to the fact that the averages 
for the different cows were not identical, that is, to A^ariation between 
cows in the group chosen for measurement. The remaining variance 
(152.99) is due to the fact that measurements made again on the same 
animal did not haA^e exactly the same A^alues. This latter variance may 
be calculated as indicated in Table 2 or by adding together the squared 
de\dation of each of the 99 measurements finni the average measure- 
ment for the cow on which it was taken. Since one degree of free- 
dom ^ is used in fixing the mean for each cow, this total of the intra- 
class A^ariance is based upon only 90 degrees of freedom. The average 
standard dcAuation of measurements taken upon the same cow is, 
therefore, 1.3 centimeters in the case of chest width. It includes 
variations due to undetected changes in the cow’s position and also 
to errors on the part of the operator in pressing more firmly with the 
arms of the caliper at some times than at others. Possible errors in 

? By degrees of freedom" is meant the number of effective items in the population upon which the sta- 
tistic in Question is calculated. Since deviations are figured from the mean and one item of data is required 
to fix the mean, standard deviations are based in general on one less degree of freedom than thc^o are items 
in tlie population. But when, as in this case, deviations are fibred from the means of subsamples of a liuge 
(Mipulation one item is used to fix each such mean and the total number of effective items will be many less 
than the total number of items in the population. 
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recording and calculating would also be included, although all such 
work was carefully checked to avoid errors. Corresponding to this 
standard error of 1.3 centimeters there can be calculated of course a 
** probable error'' of 0.88 centimeter for the accuracy of a single meas- 
urement of chest width. These findings indicate that about half of 
all measurements of chest widths may deviate by as much as 0.88 
centimeter more from the true measurements of the cow on which 
they are taken, even when as many precautions are used to insure 
accuracy as in these experiments. The general applicability of 
this finding is enhanced ny the fact that the measurements were 
taken upon nine different cows which presumably differed in the con- 
stancy with which they assumed the same position each time they 
wore measured. The general applicability of this finding is slightly 
lessened by the fact that all measurements were taken by the same 
operator. 

Twenty-four other parts of the body were measured by the method 
describee! above, and the data thus obtained were analyzed in the 
same manner as the measurements of chest width, but the detailed 
data are omitted from this paper and only the summarized findings are 
presented. (Tables 3 and 4.) 


Table 3. ---V ariation nhoum btj 'measurements taken on group of nine Jersey cows 

from milking herd 


Mp'isurement 


Thickntws of skin fold ... ... 

Cannon circumference-- . . 

JiCngth inside ear . 

W idth at eyes . . . . . . 

l^ength of hea(i . . . . 

Width at pm bones .... 

Width at nips.. . . 

Width at thurls , 

Width at loin . . 

licngth of pelvis 

Depth of chegt . . 

M/izzle circumference. . 

Height at Knee. *. 

Oreatest height at sternum 

Height over withers 

Height over hips. 

Height at elbow 
Width at shoulder 

W'idth of chest 

I^east height at sternum 
Heart, girth. .. 

Paunch girth. 

Flank girth.... 

Length of body. 


Dewlap area.. ^ 


Average standard de> i 
viation of single 1 
measurements taken \ 
on the same cow- j 

Ktandard 

deviation 

Approxi- 
male ratio 
of varia- 

In actual 
units 

As a pel - ( 
centage of ' 
the mean 1 
measure- 
ment of all 
nine cows i 

j 

of the mean 
measure- 
ments for 
each cow 

turn between 
cows to 
error of 
measure- 
ment 

V^ntimderH 

i 

rV'AihJwr/rr.v 


0 032 

3.91 1 

0 iO 

3 

.0H3 

.54 1 

.43 

.f) 

" 175 

1 10 

68 

4 

, lOK 

93 

. 55 

3 

.223 

49 

1 32 

6 

. 204 

1 09 

1 62 

6 

31 

.67 

2.78 

9 

3fi 

.91 

1 33 i 

4 

4S 

1.60 

1.92 

4 


1 26 

2.07 

3 

.67 

1.04 

3. 54 

5 

.75 

2.00 

1.53 

2 

.70 

2 38 

.95 

1 

.90 

J.68 

2 99 

3 

.92 

77 

3. 01 

3 

1.09 

m 

3.30 

3 

1.09 ! 

1 57 

i 2.01 

2 

I 10 

2.89 

! 4.67 

4 

1.30 

3.68 

4 31 

8 

3.30 : 

2.62 

2. If) 

2 

1.37 

1 .8:1 

11.44 

8 

1.78 

1 87 

18.81 

11 

1.90 

1 1.10 

12.61 

7 

2 63 

1.80 

4.79 

2 

Sqmn 

inches 


Square 

inches 


2.55 

17.21 

4. 78 

2 
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Table 4. -Variation shown by incnsurrmrnts taken on group of 10 Jersey heifers 

6*1 ■» to J 4 months old 



A vet age standarri de- 
viation of single 
measurements taken 
on I lie same heifer— 

StuilUai'd 

deviation 

.approxi- 
mate 
ratio of 

.MeasurenK^iit 

i 

! 

In actual 
units 

As a pei- 
centage of 
the mean 
measure- 
rneiil of 
all 10 
heifers 

of the mean 
iiieasure- 
meiits 
for eiK*h 
heifer 

V aruition 
between 
heifers to 
erroi of 
measuie- 
luent 

1 

Centi meter » 


C'entirneters 


Thickness of skin fold _ __l 

0. 044 

4 95 

0. 21 

Tj 

(’uniion circumference. 

. 170 

1.45 

.9o 

5 

Length inside eai 

. 180 

1 25 

1 05 

0 

Width Hi eyes 

. 183 

1 07 

1 25 

7 

Width at hooks 

187 

.03 

3 70 

20 

Length of head. . 

.229 

04 

3 02 

13 

Width at pm hones 

ZiS 

1 43 

2 48 

10 

Width at thill Is 

242 

.82 

3 33 

14 

Length of jielvis . . . .. 

. 279 

78 

3 56 

13 

Depth of chest 

34 

72 

t 35 

13 

Width of loin 

30 

1 03 

3 22 

9 

JVI lizzie oil ciimfei erree 

39 

1 33 

1 09 

4 

Width at sliouldei 

59 

2 30 

3 78 , 

t) 

Width at chest .. . 

07 

2 77 

3 28 

5 

Height at knee 

m 

2 19 

1.49 

2 

Height ovei M’itheis .. .. . .1 

.81 

82 

0 70 

8 

Greatest height at sternum I 

92 

1 83 

2 93 

3 

Height over hips. .| 

93 

92 . 

0 90 

7 

Least height atsteinurn 

98 

2 01 

2 44 

2 

Length of body - I 

] (N) 

95 

10 44 1 

10 

Height at elbow . . . . ! 

1 01 

, 1 ()H 

3 34 

3 

(^hest circumference ; 

1 13 

j 93 

11 70 1 

10 

Flank circurnfeience. . . . 

1.74 i 

1 J 41 , 

11 90 

7 

I*aunch ciicunifetence . . . ■ 

j 

2.0) 

Square 

uichis 

: 1 31 

1 

11 54 1 

St/fiare j 
inches , 

7 

Dewlap urea. \ 

0 50 

1 5. 19 

2 04 1 

4 


DESCRIPTION OF MEASUREMENTS STUDIED 

Thickness of skin fold (fig. 1, S). — This was iiicasured with the small caliper. 
(Fig. 4.) The measurement was taken over the last rib, a little more than one- 
third of the distance down from the mid-dorsal line to the mid-ventral line. The 
skin was pulled out from the rib and the caliper >vas closed against the skin rather 
tightly. The measurement thus includes a double layer of skin and hair. The 
data were used as obtained without adjustment for tliis doubling. 

Cannon circumfekenck (fig. 1, V). — The steel tajie (fig. 3, D) was pulled 
tightly around the foreleg at the smallest place between tlie knee and fetlock 
joint to obtain this measurement. 

LENtJTH INSIDE EAR (fig. 2, I). — One end of a steel ruler was pla<*ed against the 
edge of the external opening of the ear nearest the head, the distance measured 
being from this point to the farthest tip of the ear. 

Width at eyes (figs. 1 and 2, E). — The greatest width of the head at a point 
al)out level with the eyes w^as measured with a small straight-arm caliper. 
(Fig. 3, C.) 

Length of head (figs. 1 and 2, A). — The extreme length of the head from the 
highest point on the poll to the end of the muzzle was measured wdth a small 
straight-arm. caliper (fig. 3, C) in a straight line parallel to the long axis of the 
front surface of the head. 

Width at pin-boneb (fig. 2, N). — The calipers (fig. 3, B) were placed against 
the extreme lateral point of the pin bone (tuber ischii) on one side and the cor- 
responding point on the other. 

Width at hips (fig. 2, H). — The caliper (fig. 3, B) was placed on the extreme 
lateral point of the hooks (ilium) on one side and on the corresponding point on 
the other side. 
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Width at thukls (fig. 2, .1). — The points of the caliper (fig. 3, B) were placed 
snugly just lateral to the liip joint on each side of the pelvis. 

Width at loin (fig. 2, L). — The points of the caliper (fig. 3, B) were placed 
snugly against t he sides of the loin, but no more pressure was used than w’^as 
necessary to make sure that the caliper points were resting against solid flesh. 
This nieasureinent was taken midway between the third and fourth lumbar ver- 



FuiUBE l." Side view of Jersey c*w with diagram showing location of various measurements 
studied, lettering is explained in the text 



FioCbe 2. -Top view of Jersey cow with diagram showing location of various measurements 
studied; lettering is explained in the text 


tebrae, and therefore about halfway between the fonvard edge of the pelvis and 
the rear edgp of the last rib. 

Length op pelvis (figs, 1 and 2, Y). — This was the distance from the extreme 
posterior point of the pin bone to the extreme anterior point of the hook bone on 
the same side, so far as that could be located definitely on the live animal. The 
caliper (fig. 3, B) was used. 







July 1, lIKiO 


Accuracy of Measurements of Dairy Cattle 43 


Depth op chebt (fig. 1, D). — This was tlje smallest vertical outside diameter of 
the chest and was measured with the parallel bars. (Fig. 3, A.) 

Muzzle circumference (figs. 1 and 2, M). — This was taken with the steel tape 
drawn rather tightly around the nose (including the lower jaw) at the smallest 
place just back of the nostrils. 



Fua’UE 3 — Instrumonls used in ineaauriiig dairy A, ('attle-measuiing standard with .sjaiit 

level attached, L>dtln’s model, B, calli>ei used for measurements of pelvic region and for width 
of loin, (\ caliper used foi measuring length of head and width at e>es, D, steel tape used for 
measuring girths and circumferences 



PiouRK 4.'-~Caliper used for measuring thickness of skin 


Height at enee (fig, 1, C.) — This was the vertical distance from the floor to 
the small bony protuberance on the posterior of the knee-joint (carpus) . 

Greatest height at sternum (fig. 1, F). — This was the vertical distance from 
the floor to the highest point on the bottom of the chest. 
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Hkioht over wiTHERK (fipj. I, P) . — This was the vertical distance from the 
highest point over the withers io the ground. 

Height over hips (fig. 1, T).— This was the vertical distance from the highest 
point midway between tlie hooks to the ground. 

Height at elbow (fig. 1, Z). — This was the vertical distance from the ground 
to the })oint where the superior and posterior surfaces of the ulna join. 

Width at shoulders (fig. 2, O), — This was the greatest transverse width of 
the body through the shoulders and was measured nt a point 2 to 4 inches posterior 
to the shoulder joint. 

Width of chest (fig. 2, W),— This was the greatest width of the chest just 
behind the shoulders. 

Least height at sternum (fig. I, G). — This wa.s the vertical distance from the 
lowest part of the brisket to the ground. The caliper arm was placed snugly 
against the solid part of the brisket in such a way that the measurement was not 
influenced by the amount of dewlap present. 

Heart girth (figs. 1 and 2, R). — This was measured with a steel tape drawn 
snugly around the body in a plane perpendicular to the long axis of the body at 
its smallest circumference, which is just behind the front legs. 

Paunch girth (figs. 1 and 2, U).— This was the greate.st circumference of the 
body in any plane perpendicular to the body axis. 

Flank girth (figs. 1 and 2, K). — This was measured with the steel tape drawn 
.snugly around the body at its smallest circumference just in front of tlie liook 
bones at the top of the body and as far to the rear as possible underneatli the 
body without including any of the udder. 

Length of body (figs. 1 and 2, B). — This was the distance in a line jiarallel to 
the main axis of the body from the extreme anterior point of the shoulder point 
(tuberosity of the humerus) to the extreme ]>()sterior point of the ])in bone. 

Dewlap area (fig. 1, X).— This was the area, seen from one side, of the dewlap. 
The dewlap is the fold of skin along the mid-ventral lino beginning just back of 
the muzzle and extending far back on the brisket. This area was estimated in 
sejuare inches by the observer who used a ruler frequently to clieck his estimate's. 
Since the dewlap area has irregular boundaries, the observer’s estimation of it was 
not as purely objective as the other 24 measurements were. 

PRESENTATION OF RESULTS 

The summarized findings on the j^roup of cows from the milking 
herd are presented in Table 3 and those from the group of heifers 
about 1 year old are shown in Table 4. In these tables the error of 
measuring is presented in actual units in column 2 and HvS a percentage 
of the mean of all measurements in column 3. Thus for the cows the 
standard error in measuring width at eyes is 0.198 centimeter, while 
the standard error in measuring height over withers is 0.92 centimeter, 
nearly five times as large. Yet the average width at eyes was 21.28, 
while the average height over withers was 119.4. Thus the standard 
error of measuring width at eyes w^as 0.93 per cent of the mean value 
of that measurement, while the standard error of measuring height 
ov§r withers was only 0,77 per cent of the mean value of that measure- 
ment. "The ftieasurements arc arranged in the order of their errors in 
actual units. 

A study (now in press) pertaining in part to skin thickness on beef- 
bred steers showed standard deviations of 0.09 centimeter in the error 
of measuring skin thicknfess and 0.043 centimeter in the error of measur- 
ing the thicknesses of hides just after the steers had been slaughtered. 

The question whether the error in measuring varies with the size of 
the measurement, that is, whether it tends to oe a certain percentage 
of the measurement or a definite number of centimeters or square 
inches regardless of the size of the animal being measured, was studied 
by means of scatter diagran^ made for each measurement. The 
average size of the measurement for each cow was plotted along one 
the squared standard deviation of the 11 repetitions of the 
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measurement on the same cow was plotted along the other axis. 
Inspection of these diagrams showed clearly that there was for most 
measurements only a small correlation or no correlation at all 
between the average size of the measurement and the error in taking 
that measurement. Figures 5 and (> show these scatter diagrams for 
body length and chest width, the two measurements wliich by inspec- 
tion seemed to show the highest correlations, h'igures 7 and 8 show 
similar diagrams for heart girth and he^ht over withers which wore 
picked out by inspection as representative of most of the measure- 
ments except that they showed a wider range both of averages and of 
squared standard deviations than most measurements did. Figure 9 
shows the scatter diagram for dewlap area which differs from the other 
measurements in two probably important respects; (I) It is not as 
purely objective as the others, and (2) the heifers (which of course had 
smaller dewlaps than the cows even under the same conditions) were 
measured in cold weather (late December) while the cows were 



/^£j9A/(cs/vr/AfBrees) 

FKiUiiK 5,-- Rplation botwppii obspived standard dovmtion and mean si/.e of mcasuromonfs of 
ItitiKlh of body for individual animals 

measured in hot weather (late June), and the dewlaps appear inueh 
smaller in cold than in warm w^eather. For these reasons it is no 
doubt better to consider separately the scatter of the dat{i for the 
cows and that for the heifers, although both are shown, in the safne 
diagram. 

From a study of these diagrams it may be concluded that the corre- 
lation between the size of a measurement on diflerent animals and 
the usual error in taking that measurement is slight. Consequently, 
column 2 expresses the facts more truly than column 3 in Tables 3 
and 4, although column 3 should not be entirely ignored. 

Columns 4 and 5 in Tables 3 and 4 are added to show the usual 
importance of the error in measuring as compared to the variation 
between animals or error of sampling’’ in selecting the groups to be 
measured. Column 4 is the standard deviation of the means for 
each cow. For example, in Table 1 the standard deviation of the 
figures in the last column is 4,31 centimeters, and tliis figure appears 
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in the fourth column of Table 3. Column 5 of Tables 3 and 4 is ob- 
tained by dividing the figures in column 2 into those in column 4. 



ViauHE a -Holation betwtH^n observed standard deviation and mean size ol measurements of 
width of chest for individual animals 



. (ceNT/MBTERS ) 

Kkiurk 7.— KTelation between observed standard deviation and mean size of measurements 
heart girth for individual animals 


of 


Columns 4 and 5 do not have the general applicability that those 
in columns 2 and 3 have. The size of the figures in column 4 measures 
directly the heterogeneity of the group of cows on W'hich these meas- 
urements were taken. If the group had been more uniform the fig- 
ures in columns 4 and 5 would have been smaller, although the figures 
in columns 2 and 3 would have been changed but little if any. Con- 
versely, less uniform groups of cows and heifers than the ones actually 
used would have meant larger figures in columns 3 and 4. 

The figures in column 4 are not entirely free from the element of 
en^pr in measurii^, even though they are based upon averages of 1 1 
measurements* However, the error of measuring is a very small part 
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of the figures in column 4. For example, the 0.95 centimeter standard 
deviation for height at knee is only reduced to 0.92 centimeter when 
corrected for errors of measurement.^ For other measurements the 
reduction would be relatively less, since the error of measurement is a 
sinalle;* part of the figure given in column 4. 



86 68 90 92 9^ se S8 /OO /02 /06/O8//O //2 /f6 //3 /20 122/24^/26 

AfBAN (ceNn/^Fr£R5 ) 


Kk.I'RK 8. -Helntion lR»tw«»on obsofved standard doMatiun and moan mz(‘ of inoasurenients of 
h»M{fhl ovor wilhors foi indnnlual animals 



AfG4Af(30iUlgSWC/^£3) 

Fkjure 9." Relation between observed standard deviation and mean siz(‘ of measurements of 
dewlap area for Individual animals 


The figures in column 5 indicate that for these groups, single meas- 
urements were in most cases accurate enough to determine signifi- 


» Sbewhart’s formula is as follows- 

<rO*e where orO^the observed standard deviation 

T'-the true standard deviation free from errors of measurement 
and the standard deviation of the errors in measuring. 

In the case of height at knee in these da ta thi s l^^mes 

0.95 * j whence <r 0-92 
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cantly (in the statistical sense) which was the larger of two animals 
in the measurement concerned. Averages based on two or more 
repetitions of the measuring would of course be still more accurate. 
Thus Shewh art's formula becomes 

n 

where <rO = the observed standard deviation 
<rT^ the true standard deviation 

aE^the standard deviation of the errors in measuring 

and /i ^the number of repetitions of the measurement made on 
each animal. 

As n is increased, crO approaches more closely to aT. 

No amount of repetition of the measuring can eliminate entirely the 
error of measuring, but by using the figures in column 2 of Tables 
8 and 4 one can make a rough correction for the influence of those 
errors on standard deviations and on coefficients of (correlation calcu- 
lated from the actual data. 

Such corrections of course presuppose a random distribution of 
errors and are themselves subject to errors of sampling which make 
them only approximate on small populations. That is, then' is no 
magic in these corrections which will rigidly eliminate the effect of 
errors in measurement. They do, however, provide an average cor- 
rection for the bias toward large standard deviations and small cor- 
relations caused by errors of measurement. 

GENERAL DISCUSSION 

• 

There is in general a close correspondence in the findings from the 
two groups of cattle, although the error was for most measurements 
distinctly larger for the larger animals. For the most part the mcas- 
ureineiits were found to be more accurate than the writers had ex- 
pected. The accuracy of most of them compares rather favorably 
with the accuracy of weights wheVe the standard error of weighing 
was found ® in most cases to be between i\ and 12 pounds, or not far 
from 1 per cent of the mean weight. 

Most of the measurements seemed to be less affected by day-to-day 
changes in weather and other external conditions than weights were, 
hut some, notably dewlap area, and perhaps also paunch girth and 
flank girth, were even more affected by such changes than weight was. 

The principal objection to the extensive use of body measure- 
ments, at least with dairy cattle, seems to be not their inaccurac'y but 
their inadequacy to describe the animal in a complete way. A very 
large number of rrieasurements would be necessary to permit ev(m a 
rough reconstruction of the surface shape of a cow, and the mere com- 
putation of such data for a group of animals is a formidable task. 
Moreover, the mental process of integrating a large number of such 
averages into a definite mental picture of an average animal would be 
exceedingly difficult, if possible at all. Perhaps it is theoretically pos- 
sible that there is an equation which would represent a moving point 
trying out the external form of a cow in the same way that the equa- 

* j. L., Christensen. F. W., Wilson, C. V , and Black, W. H. Op. cit . 
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tion = -4 represents the surface of a sphere with the center 

at the origin. But such an equation would certainly have to contain 
hundreds of functions of A', F, and Z, and the mere arithmetic of its 
computation would be too formidable a task even for the professional 
mathematician. Moreover, it would change at least slightly with 
every movement of the cow. And when one sought to compare or 
average two or more such equations still greater difficulties would 
be encountered. Such mathematically complete descriptions of the 
body shape of cattle seem clearly impossible. 

The taking of more and more measurements in the interest of corn- 
])leteness (itself not achievable) involves the law of diminishing returns 
of new information for each additional unit of time and money .spent 
in collecting and analyzing the data. For most ])urposes a very few 
measurements considered in relation to each other or in relation to 
weight seem as much as would be really useful in contributing to the 
general picture of the animal and of the changes which occurred in it. 
Thus height over withers or over hips would certainly be included 
among those measurements least influenced by jdane of nutrition, and 
therefore especially apt to be illuminating when considered in relation 
to weight. Depth of chest, length of body, heart girth, paunch girth, 
and flank girth in relation to each other and to weight all give some 
information about the body. So do width at shoulders, width at loin, 
and width of chest, although these measurements are much affected 
by the degree of fatness. The investigation of certain ideas current 
among judges of livestock may warrant the special study of measure- 
ments of head and pelvis. But with completeness of description 
never attainable and with the labor of computation and analysis 
mounting more rapidly for each additional measurement, the investi- 
gation is apt soon to reach the point where the taking of additional 
measurements will lead to less rather than to more findings because of 
the increasing likelihood that the data will not be fully analyzed or 
that the investigator will use all his time and energy in the analysis of 
the measurement data, leaving untouched other more promising lines 
of attack. 

SUMMARY 

Twenty-five different measurements were each taken 11 times on 
ea(‘h of 9 cows and 10 yearling heifers from the Jersey herd of the 
Texas Agricultural Experiment Station. From these data the usual 
error of measuring was calculated for each measurement of the cows 
and of the heifers. The two groups of data agree rather closely, 
although most of the measurements show somewhat larger errors for 
the cows than for the heifers. 

In only a few measurements was the standard error of measuring 
much larger than 2 per cent of the measurement, and in about one- 
third of the measurements it was less than 1 per cent. The errors of 
measuring are of about the same magnitude as the errors of weighing 
when expressed as percentages of the mean. 

There was a slight correlation between the mean size of a measure- 
ment for each animal and the standard deviation of the measure- 
ments taken on that animal. This varied for different measurements, 
and for some measurements would have been rather large if the data 
for the cows and the heifem had been included in a single population. 
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THE VITAMIN-C CONTENT OF COMMERCIALLY CANNED 
SAUERKRAUT, TOGETHER WITH SOME OBSERVATIONS 
ON ITS VITAMIN-A CONTENT ‘ 

By Beutha Clow, Inslructorf Helen T. Pajlsons, Associate Profesaor^ and 
Tna Stevenson, Asaista^U Home Econonnat^ Department of Home Economics^ 
University of Wisconsin^ 

INTRODUCTION 

111 a previous paper (If it was reported that sauerkraut obtained 
directly from the barrel in which fermentation took place may con- 
tain approximately one-half as much vitamin C as that found in raw 
cabbage. This study seemed to establish the fact that there is an 
appreciable airK)unt of vitamin C in sauerkraut as it comes from the 
fermentation vat. The purpose of tlie present investigation was to 
determine the vitamin-t- <*ontent of sauerkraut as it reaches the con- 
sumer. In the course of these studies observations were made on the 
vitamin-A content, and these are also in(*luded. 

EXPERIMENTAL MATERIAL 

vSauerkraut put up in tin was obtained from six comjianies of the 
iNational Kraut Packers’ Association. These companies were situ- 
ated in Ohio, New York, and Wisconsin. At the beginning of the 
experiment in the latter part of January and the first of February, 
1929, each company furnished three cases (24 cans per case) of sauer- 
kraut together with the history of the shipment. From the data 
received it would seem that all but- two brands were from the same 
lot; i. e., the date of ^^uitting” the cabbage and the date of canning 
the sauerkraut were uniform for that shipment. 

The range of variation in some of the more important details in the 
manufacture of the sauerkraut studied is given in Table 1. This 
table shows a wide divergence in the processes used by the manufac- 
turers of this product at the present time. 


' Ueceived for publication Uec 7, 1929; issued June, 1930. Published with the ijcrmission of the 
director of the Wisconsin Agricultural Extieriraent Statiou. This study was made possible through an 
industrial fellowship fund given the University of Wisconsin by the National Kraut Packers’ Association. 
"J'he research carried out under the fund w^as planned and executed by members of the unfversily st^ff 
and the work was done in the university laboratories. The participation of the National Kraut Packers’ 
Association consisted in furnishing the funds for the payment of salaries, labor, and supplies and in con- 
tributing the samples of sauerkraut used in the tests. 

» The authors wish to express their appreedation to Dr. A. h. Marlatt of the Department of Home Eco- 
nomics, to Di. K. B. Fred of the Department of Agricultural Bacteriology, and to Dr. W. H. Peterson of 
the Department of Agidcultural Chemistry for securing the cooperation of the National Kraut Packers’ 
Association in this investigation. 
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1'abi.e 1. — Range of variation in some of the details of the processes of manufacture 
of the six brands of sauerkraut studied 

rrheso data wero obtained from the various coin panics] 


Item 


Extremes of difference 


I./engih of time m the fermentation \nt . 

Extremes of temperature reported m the fermentation room , 

Extremes of temiieiature repoited in the fermentation vat " 

Treating before packing 

Time® 

Tempera tine 

Method of packing 

ITeatuig lieiore sealing the cans of tiie machine-packed sauerkraut' 

Time- 

Temperature 

Tf eating before sealing the cans of the hand-packed sauerkraut 
Time . 

Temperature - . _ - 

T’rocessing after sealing the cans of the machine-packed sauerkraut 
I’roe^ssing after sealing the cans of the haml-packed sauei kiaut 
Time , - . . . . . . . . 

Temperature 

Acidity of sauerkraut 

Kaw - - . 

Canned - 


« This information was not given by all 6 companies. 


124 (lays-- 

l>ess than 

00 days. 

70'’ E 

24° F. 

77 ° E . 

80° F. 

20 minutes . 

2 minutes. 

175° E 

S5° F 

Machine. 

Hand 

5 minutes 

None. 

204° K . 

Do 

5 imnutes 

2 minutes 

210° E - - ! 

114° E 

None . i 

None. 

i 10 minutes 

S minutes. 

j 212° E 

1S(1° F 

I 1 00 ... . 

1 58. 

1 1 5 ... - 

1 

1. 


EXPERIMENTAL METHODS 

VITAMIN C 

The protection method was used in these studies. The rriteri« for 
adequate protection were satisfactory grow th for 60 days and absence 
of scurvy symptoms during this time and at autopsy, (luinea pigs 
wore used in the experiments, and for the most part they were ob- 
tained from commercial breeders. Young guinea pigs w^eighing about 
200 gm. were nut immediately on the basal ration plus cabbage, to 
which they haci free access. From one to five days Jatei-, depending 
on the size of the aniinals, the experimental feeding was begun. The 
cabbage was ground in a food chopper, a small amount (5 to 10 gm.) 
of sauerkraut was added to the cabbage, and the mixture was put into 
the basal ration. Each day the amount Pf sauerkraut was increased, 
but at no time was the quantity of cabbage in the mixture less than 5 
gm. per guinea pig in the groiq). The animals thus gradually became 
accustoined to the taste of the sauerkraut, and as a rule there w^as no 
trouble in getting them to eat :t w^hen the cabbage w^as withdrawn 
entirely.^ Except in a few cases, where the animals were large when 
received’ from the breeder, the guinea pigs weighed about 230 to 250 
gm. when they were put in individual cages. The doses of sauerkraut 
were mixed only in the central portion of the ration and were usually 
consumed immediately. The basal ration consisted of the following: 
Alfalfa (autoclaved 30 minutes at 15 pounds pressure), 25 per cent; 
rolled oats, 69 per cent; purified casein, 5 per cent. The animals 
that w^ere used as positive or negative controls were given the above 
ration with the addition of 1 per cent sodium chloride. The ration 
containing the salt is the one used by Ellis, Steenbock, and Hart (4). 
The casein was purified bj soaking for a week in water slightly acidi- 
fied with glacial acetic acid (approximately 5 c. c, per 6 quarts of tap 
water). This water was changed daily. 

The first experiments were made with 7}^ and 5 gm. daily doses, the 
idea being that after these animals had been on the experimental 

j'fk 
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ration long enough to give an indication of the results, the next group 
of guinea pigs could be started on 10 or 2)2 gni. doses. With each of 
the six brands of sauerkraut the 7/2 gni. dose ])r()ved to be within 
the protection level, and tiius with each brand the degree of prote(*tion 
on 7 / 2 , i5, and 2 J 2 grn. daily do-^es w'as determined. 

In the experiments in which 7’/2 and 5 gm. doses were used, fresh 
cans of sauerkraut were opened on Monday, Wednesday, Friday, 
and Saturday. The top layer w as removed, ground in a food chopper, 
and the portions weighed out. A weighted dish which fitted into the 
can was put on the exposed layer of sauerkraut and pushed down so 
that the juice came up around it. These cans w^ere then put into an 
ele<‘tric refrigerator. On Tuesday and Thursday these opened cans 
were taken out of the refrigerator, and the top layer of sauerkraut 
and juice, amounting approximately to one-half the total contents 
of the can, was removed and discarded. The remaining sauerkraut 
w as ground as on the previous day. The animals on the 7K and 5 gin. 
levels had single doses from Monday to Friday, inclusive, and double 
doses on Saturday. Those on the 2 } 2 “gin. level had double doses on 
Monday, Wednesday, and Saturday and single doses on Friday; 
thus they always received sauerkraut from a freshly opened can. 
Although the method of keeping the opened can of sauerkraut from 
one day until the next would seem to eliminate the factor of oxidation, 
it w^as desired that no (|uestion should arise as to oxidation w^hen 
feeding at the lower level of 2t, gm. 

Before each day’s dose wuts given the food remaining in the dish 
from the day before w as put through a sieve that allowed the basal 
ration to pass through but retained the sauerkraut if any w ere present. 
Jt was not possible to make a quantitative estimate of the amount 
of sauerkraut thus remaining, but all animals which after a short 
period of trial failed to eat the entire dose were either discarded or 
shifted to a lower level. 

The criteria for determining the appearance of scurvy in the guinea 
pigs and the degree of its severity were: Stiffness of the joints and a 
(*haracteristic uneven gait in running; wincing and crying on being 
handled; a swelling of the wrists and arms; an awkward position of 
the knees held away from contact wdth the body; and, occasionally, 
the ‘'face-ache” position. The criteria on autop.sy were swelling 
of the arms and legs; hemorrhage of the joints, muscles, and skin; 
looseness or brittleness of the teeth; brittleness of the leg bones; 
cloudiness, hemorrhage, and beading of the ribs. 

VITAMIN A 

Young rats from 21 to 28 days of age weighing 40 to 45 gm. were 
placed on the following vitamin A low" ration: Purified casein, 18 per 
cent; salt mixture (Osborne and Mendel), 4 per cent; agar, 2 per cent; 
dried brewer's yeast (irradiated), 8 per cent; cooked cornstarch, 68 
per cent. The ration w^as similar to that of Steenbock and Coward 
(t?) except for the treatment of the starch and the yeast and the sub- 
stitution of another salt mixture (7) w^hich was being used at the time 
in other rations in the laboratory, and was also used in Sherman's 
vitamin A low ration (5). The casein was extracted with hot 95 per 
cent alcohol for approximately 50 hours and then heated at 98° C. 
for a week in a drying oven. It assumed a decidedly brown tinge 
during the process without, however, losing its palatability. The 
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dried commercial brewer’s yeast was iiradiated under a quartz mer- 
cury vapor lamp for 10 minutes at a distance of 18 inches in order to 
provide a convenient and adequate source of vitamin D. The starch 
was cooked in boiling distillea water until translucent and was then 
dried and ground. 

The animals were caged on w'ire screens in groups during the 
depletion period, but separately at the first symptom of eye disease. 
The criterion for judging the depletion of vitamin A in the rats was 
in all cases the appearance of pronounced sore eyes and not primarily 
the cessation of growth. The criteria for the response of the animal 
to the presence of vitamin A in the doses were both the rate of growth 
and the speed and completeness of the recovery from sore eyes. 

The doses of sauerkraut were prepared like those for the vitamin-(’ 
determinations and w'ere fed separately in glass caster cups placed in 
larger metal cups to prevent spilling. Bepuse of the difficulty 
which was encountered in securing quantitative intake of the sauer- 
kraut it was found necessary in a good many instances to collect the 
uneaten portion of the dose, dry it to constant weight, and calculate 
from determinations of the dry matter of the, sauerkraut what part 
of the dose had actually been oaten. Doses of cabbage were pre- 
pared by removing damaged or soiled leaves from a head of cabbage 
and taking a slice through the head to include representative portions 
of both the white inner and the greenish outer leaves. Doses were 
weighed out from the shredded pieces of this slice. 

For reasons that will later be explained only one brand of sauer- 
kraut was used for vitamin-A determinations. Brand C w'as selected 
because a sample of this was the first to airive in the laboratoiy and 
was ready for feeding w'hon the animals were depleted of their vitamin 
A stores. 

PRESENTATION OF RESULTS 

The six brands of sauerkraut studied are indicated by letter and 
will be discussed in the order of their effectiveness as antiscorbutic 
substances, the most effective coining first. At least four guinea pigs 
and in most cases five were started on each level on each brand of 
sauerkraut. In one instance as many as 16 were started on a single 
dose. The data presented in this paper include all animals except 
those which were discarded for the following reasons: Failure to eat 
sauerkraut; refusal to eat the basal ration with resultant starvation; 
and the presence of complicating factors such as infected lungs or 
liver. Such infections could not be determined until autopsy was 
performed, and in several instances this was at the end of the experi- 
mental period or so near the end that there was not time enough to 
start other animals to replace those discarded. In the case of anunals 
that refused to eat sauerkraut or the basal ration, it was possible to 
substitute others and thus keep the number in each group to at least 
four. In only three groups — those fed 5 gm. of brand A and 2ji gm. 
of brands D and E — are there less than four animals included in the 
final report. The total number of guinea pigs started on sauerkraut 
doses was 110, while the number included m this report is 80. Thus 
there wer6 30 animals started on doses which it was necessary to 
discard. 
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VITAMIN c 

Control Experiment (Fig. 1) 

By reference to Figure 1 it will be observed that the negative con- 
trol animals, which rec^eived only the basal ration, developed scurvy 
in 15 to 20 days. Animals Nos. 25 and 26 were fed at the beginning of 
the studies and Nos. 146, 147, and 148 toward the end. There was no 
change in the source of the supplies for the ration. 

With the addition of a known source of vitamin C the basal ration 
is shown to be adequate for growth. Five grams of cabbage is prob- 



Figitrk 1. — Control exporhmmts on vitamin C. The positive control animals received 5, 21^, • 

and 1 gm. doses of raw cabbage daily. Animals 28 and 29 had, m addition to cabbhge, varying 
amounts of sauerkraut chosen at random. Negative contiol animals were on the basal ration 
alone; cro.ss lines on their weight curves indicate the point at which scurvy l>ecanic evident. In 
all figures the numbers near autopsy indicate the month and dayof the month on wdilch autopsy 
was performed; autopsy symboKs used as follows* A, No sign of scurvy; A?, possibility of 
scurvy; A-, slight but definite signs of scurvy; B+, model ale scurv.v; B, B-, an(i C, 
increasing degrees of scurvy 


ably a very high protection level, although animal 10 did not seem to 
respond to the addition of this quantity with very good growth. 
Animals 28 and 29 were given the cabbage and sauerkraut mixture 
such as all the animals received during the preliminary feeding 
period, that is, 5 gm. of cabbage per guinea pig plus various amounts of 
different brands of sauerkraut chosen at random. This was done to 
make sure that the practice of mixing sauerki'aut with the cabbage to 
accustom the animeds to the flavor would not produce an undesirable 
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effect during the period before the experiment was begun. Both 
animals showed excellent grow^th and no signs of scurvy. 

The 2J^-gin. level of raw cabbage seems to give good growth and 
complete protection from scurvy. As was pointed out in a previous 
paper (1) this (pjantity of cabbage gave good growth with two animals 
for 44 to 58 days, but after that time there was a ^‘flattening oif^^ of 
the weight curve. In the present studies one animal, No. 104, shows a 
flattened curve for the last 18 days of the OO-day experimental period, 
while the other two animals show consistently good growth throughout 
the 60 days. 

The 1-gm. level of feeding raw cabbage does not seem to be ade- 
quate for complete protection, although in one instance there was good 



growth,.i. e., animal 95. (Fig. 1.) Animal 144 was chloroformed at 
tFie end of *24 days and at autopsy showed definite signs of scurvy. 
Animal 134, also receiving 1 gm. of cabbage, lived throughout the 
60-day experimental period but showed a decline in weight after 30 
days and definite symptoms of scurvy at autopsy. (Fig. 1.) It 
thus appears that 1 gin. of raw cabbage is the smallest quantity that 
mil give any degree of protection. 

Sauerkraut, Brand A (Fig. 2 ) 

Of all the six brands studied by far the best results were obtained 
with brand A, The average daily gain in weight of the four animals 
on the 7K-gm. level was 3.28 gm.; those on the 5-gm. level, 3.2 gm.; 
and those on the 2}^-gm. level, 3.11 gm. Thus, as far as growth is 
concerned, the lowest level seems to be practically as effective as the 
highest. The protection from scurvy at each of the three levels is 
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also very good. In only three cases was there a question at autopsy 
as to wiiether complete protection had been afforded, namely, animals 
145, 141, and 122 receiving 7%y 5, and 2}^ gni., respectively. It will 
be noted that, the growth of these animals was not so good as that of the 
others receiving the same dose of this brand of sauerkraut . It should 
also be noted (see autoi)sy dates on cuives, fig. 2) that autopsies were 
performed on guinea pig 145 (receiving 7K gm.) and 141 (receiving 
5 gm.) three weeks or more after the other animals in the group. A 
new case of 24 cans of sauerkraut was opened on June 14. It is pos- 
sible that the last case of material was not so good as the others, or 
it may have been that warm weather during the latter part of June 
effected a partial destruction of vitamin C in th(‘ sauerkraut both 
before and after the cans were opened. However, the variation in 
temperature in both the storage rooms and the animal laboratory 



F|(k;hk 3 -Orowth of Kulneti pig.s and <U*grtM' of protection from scurvy alTordcd them by 7b.', 
f), and 2h fcm. daily doses of coiiimcrcial sauerkraut, brand B For explanation of syinlMils 
SCO Figure 1 


was only 4^ to 5° F. Further than the points made above th^re seems 
to be no obvious explanation for a condition of scurvy on the 7% and 
5 gm. doses of sauerkraut A. It seems rather significant, however, 
that five out of six animals receiving 2% gm. of brand A show complete 
protection. 

Sauerkraut, Brand B (Fkj. 3) 

With only one exception (animal 139) the 7% and 5 gm. levels 
seemed to give protection from scurvy and also very good growth, the 
average daily gain in weight for the group being 3.41 and 3.23 gm., 
respectively. Guinea pig 139, receiving 7K gin., was probably not 
completely protected from scurvy. As in the case of the two animals 
on brand A (Nos. 145 and 141), the 60-day experimental period 
extended more than three weeks after that of any other animal in the 
group; also a new case of sauerkraut was opened on June 14. The 
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2}i-gia. level seems to be what might be termed “the border-line 
dose.” On such a dose the results appear to be inconsistent; for 
example, in this case, one animal (No. 61) maintained its weight 
throughout the 60 days, and on autopsy was found to bo free from 
symptoms of scurvy; another animal (No. 97) grow very well during 
most of the experimental period, but autopsy showed a moderate 
condition of scurvy. The other two animals gave results intermediate 
between these. It should be noted that although there was evidence 



of scurvy in some cases all animals lived throughout the 60-day 
experimental period. 


Sauerkraut, Brand C (Fig. 4) 

The 7K-gm. level seemed to give complete protection from scui-vy 
and also very good growth, the average daily gain in weight for the 
group being 4.39 gm. The 5-gm. level, although giving an average 
daily gain of 3.23 gm. for the group, did not give complete protection 
from scurvy in every case. Guinea pig 16 had a definite although 
slight hemorrhage on each of the hind legs. Guinea pig 9 seemed to 
have slightly brittle bones. Thus it can not be said that the 5-gm. 
level of brand C gives com{)lete protection, but because of the faL-ly 
consistent good growth this level should doubtless be considered 
slightly above the “border-line” dose. The 2)^-gm. level is quite 
definitely below the border-line dose, as in each case there was 
evidence of scurvy and only one animal lived 60 days. 
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Saukukraut, Brand D (Fia. 5) 

The 7f^m. level seems to give complete protection from scurvy and 
also good growth, the average daily gain in weight for the group being 
8.2 gm. The 5-gm. level can probably be considered the border-line 
dose, as in three out of four cases there were symptoms of scurvy and 
two of the animals did not survive the 6()-day experimental period. 
Although growth was good in two cases and there was complete 
protection in one case (No. 70), the evidence indicates that a 5-gin. 
level of brand D is at least very close to the border-line dose. The 
2 } 2 -grn. level gave evidence of scurvy in every case, fair growth in 



Fk.IiUE 5 —Growth of guiuoa pigs and degroo of protootiori from scurvy atTordc»J them bv 7^!*, f», 
and 2 ^ gm. daily doses of conmiorcial siiuerkraut, brand 1). For explanation of symbols see 
Figure 1 


one case (No. 124), and the 60-day survival period in two cases (Nos. 
120 and 124). 

Satterkuaxjt. Bu.\ni> E (Fig. 6) 

The 7)^-gm, level seems to give com})lete protection from scurvy 
and also good growth, the average daily gain in weight for the group 
being 3.63 gm. The 5-gm. level seemed to give good growth in four 
cases and fair growth in one case, the average daily gain in weight 
for the group being 2.96 gm. The protection from scurvy seemed \o 
be complete in the case of two animals, while the other three on the 
5-gm. level showed evidence of scurvy. The four animals on the 
2}{-gm. level all had scurvy, and the survival period was very short, 
showing that this dosage is below the protection level. 

Sauerkraut, Brand F (Fig. 7) 

In three cases the 7)^-gm. level seemed to give coniplete protection 
and also good growth, the average daily gain in weight for the ani- 
mals on this dose being 3.62 gm. The fourth animal in the group 
(No. 135) gained weight for 36 days and then lost weight so rapidly 
that it was chloroformed at the end of 50 days, the autopsy showing 
slight but positive signs of scurvy. The 6-gm. level can probably 
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be considered the border-line dose, as in only two cases out of seven 
was there complete protection. Growth was neither consistently 
good nor poor. The 2 ) 2 -gm. level was doubtless below the protec- 
tion dose as in every case the aniinal had scui’vy and the survival 
period was short, the longest t)eing 37 days in the case of animal 58. 

Another factor must be considered in evaluating sauerkraut F. 
The total number of animals started on doses of this brand was 28, 
whereas the highest total on any other brand was 10. There seemed 
to be difficulty in bringing the animals through a satisfactory experi- 
mental period. They did not refuse the sauerkraut, but ate very 
little of the basal ration after about the first 10 to 15 days, and death 
followed about 10 or 15 days later. Autopsy showed no scurvy, but 
there was usually a good deal of gas in the intestinal tract. Alost. 



Fi(»(fRK 6 — fkowth of guinea pigs and degiee of piotectioii from sourvy affoided Iheiii by 7 }{', 
6. and gm daily doses of commeieial sauerkraut, brand K. For expUmation of symbols 
see Figure 1 


o^ these animals wel'e on the 5-gm. dose; in fact the failures on this 
level were so numerous that 16 animals were used. The writers are 
unable to explain these failures. Such results were not obtained 
with any of the othfr brands tested. 

OoMHAiusoN OF Bkands A TO F WITH Fresh Raw Sauerkraut 

As pointed out in the introduction, the previous work (f) on raw^ 
sauerkraut obtained directly from the barrel in which fermentation 
took place showed that 5 gm, gave complete protection, while 2K gni. 
was considered the minimum protection level, i, e., the border-line 
dose* Two brands, namely, A and B, compare very favorably with 
this raw sauerkraut. Commercial brands C, D, and E are only 
fairly comparable, while F is probably about one-half as effective 
as tne raw sauerkraut. 
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VITAMIN A 

In Tablo 2 is prosen ic-sd a record of tJie daily doses of sauerki’aut 
consuniod by the exporiniontal rats in addition to the basal vitamin 
A low ration after symptoms of depletion of vitamin A developed. 
As may be seen from the table, quantitative consumption of a fixed 
dose could be secured for only a part of the 8-week period in any 
of the animals. Food intake records showed that the failure of tlui 
animals to eat greater quantities of the sauerkraut could not be 



attributed to lack of ajipetite induced by Uk> low a consumption of 
vitamin B complex in the ])asal ration. 


'Pahlio 2. — Dosps of so iierkraut consumed hy rats following depletion of a vitamin A 

low diet 


(( ’alcul»Uons aro for a prelimiimry period wlien dosajte wa*? lading established, for a period vfhen (luanti’ 
tative intake of fixed doses was established; for n later period when intake again fell ofk and for the tora* 
period of feeding] 



Average 


Uniform 
daily 
dose ill 
jierioil 2 


Average 


Average 

Kaf No. 

daily dose 
for pre* 
liniinary 

Length 
of jieruKl 

Length 
of jieriod 

daily do.se 
for sui>‘ 
sequent 
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daily dose 
for entire 
period of 


period 1 j 

! 


period 3 


feeding 


Grams 

Days 

Grams 

Days 

Grarm 

Days 
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16 . _ 

f>.4 

H 

7 

8 

i 4.7 

41 

6.0 

28. _ 

4 1 

IK 

.5 

20 

I 4 2 

2:j 

4.6 

.... 

3.J» 

18 

5 

24 

! 2.G 

19 

4. 1 

30,- 






3.5 

32 ; 

4. 2 

8 

47 : 

^47)‘ 

6 

6.6 

36 

2.8 

10 

5 

1.*) 

3.4 

36 

3.7 

.•kj 

6.5 

2 

12 

30 

f) 

43 

6.7 

39 ' , 

2.B 

6 

1 

3 

2 

43 

2, 1 


« Thi» rat did not at any time consume the whole of the dose weighed out. 
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In view of this irregularity in dosage, therefore, only a general 
comparison can bo made between the vitamin-A content of the 
canned sauerkraut and that of the cabbage. The results in Figures 
8 and 9 show that a daily intake of 3 to 4 gm. of stored winter cab- 
bage leads to approximately the same gam in weight in depleted 
rats as that induced by an average daily intake of 4 to 6.7 gm. of 



Fi<3urk 8 — Control experiments on vitamin A. Growth of rats during a depletion period on a 
vitamin- A low ration and also during a period when weighed doses of stored winter cabbage, 
spring cabbage, or butter were fed. Cross lines on the curves indicate the beginning of 
dosages In one negative e\tM3riment the supplementary doses were not fed. For explanation 
of symbols see Figure 1 

the canned sauerkraut. These levels are also comparable in their 
effect on sore eyes. This brand of sauerkraut therefore contains, 
roughly, one-half to three-fourths as mu(*h vitamin A as does stored 
winter cabbage of the type used in the manufacture of sauerkraut. 
Spring cabbage fed to rats 100 and 102 after the winter variety 
fed to the other rats was unobtainable proved to be a richer source 

au. 

160 

ISO 


« 80 


.40 

Fiouke 9.— Growth of rats during a preliminary dopletJon fwrlod on a vitamin-A low ration and 
also during a iieriod when supplementary weighed doses of coranierciai sauerkraut of brand C 
were fed. Gross lines on the curves indicate the beginning of dosages. The intake of sauer- 
kraut was so irregular that reference must be made to Table 2 for the size of doses consumed. 

For explanation of symbol sec Figure 1 

of vitamin A than winter cabbage, as would be expected from its 
smaller open head and greener color. A wide difference in the 
nutritive value of white and green leaves of cabbage has been noted 
by Hume (5), Delf (S), Coward and Drummond (£), and Steen- 
bock and Sell (10). The practice among manufacturers of sauer- 
kraut varies from removing only the damaged or soiled outer leaves 
to stripping the head imtil it is "white.” I.ie Fevre (j5, p. 9) sts^tes 
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‘^Sauerkraut made from green cabbage will show defects in color 
and texture/' It is possible, therefore, that the difference in vita- 
min-A content noted between this brand of canned sauerkraut 
and the stored winter cabbage tested may be attributable largely 
to a difference in their content of vitamin A aft(».r stripping rather 
than to losses during the fermentation and canning of the sauer- 
kraut. It should be clearly recognized, however, that the amount 
of vitamin A in winter cabbage is practically negligible as a source 
of vitamin A in the diet. For example, it would require ajiproxi- 
mately 20 to 25 pounds of the winter cabbage used in this experi- 
ment to furnish as much vitamin A as would be furnished by 1 
pound of the butter used. It seems probable from th(‘ experiment 
that 30 to 45 pounds of the lirand C canned sauerkraut studied 
would be needed to furnish this same amount of vitamin A. 

SUMMARY 

VITAMIN C 

A study of the vitamin-C content of six brands of commercially 
canned sauerkraut has been made. The protection method was used, 
with guinea pigs as the (‘xperiinental animals. Levels of 7!^, 5, and 
gm. were employed. There was found to be considerable varia- 
tion in the vitamin-(^ content of the six liiands tested. Brand A 
was outstanding because of the good growth and protection it af- 
forded on the 2};S-gm. level. Brand B gave good growth and protec- 
tion on the 7)2 and 5 gm. levels but definite evidence of scurvy on the 
2 ’ 2 -gm. level, lirand C, T), and E gave evidence of scurvy on thc^ 
5-gm. level. Brand F not only gave evidence of scurvy on the 5-gin. 
level but also on the 7Ji-gm. level. Furthermore, with brand F 
there was difficulty in bringing the animals through a satisfactory 
experimental period. 

The vitainin-C content of brands A and B compare very favorably 
with that of specially fermented fresh raw sauerkraut tested by 
(low, Maiiatt, IVterson, and Martin (7). C, D, and E are distinctly 
l(»ss effective than the raw sauerkraut, while F probably contains 
about one-half the amount of vitamin C found in the raw sauerkraut 
tested by Clow, Marlatt, Peterson, and Martin. 

Because of the lack of uniformity in the methods used in the 
manufacture of the sauerkraut tested, it was not possible to deter- 
mine what factor or set of factors was responsible for the loss of 
vitamin C in the poorer brands. . * • 

No conclusions as to the probable vitamin-C content of products 
of the sauerkraut industry other than the sauerkraut itself put up in 
tin containers are warranted by these experiments. 

VITAMIN A 

A study of the vitamin-A content of one brand of commercially 
canned sauerkraut has been made with the rat as the experimental 
animal. The method used included the depletion of the animal's 
body stores of vitamin A until sore eyes appeared, and a subsequent 
supplying of daily weighed doses of the material to be tested in an 
attempt to cure sore eyes and promote normal growth. In attempt- 
ing to study the comparative vitamin-A content of cabbage and 
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sauerkraut two difficulties in particular were encountered. Quanti- 
tative intake of doses of sauerkraut could be secured over only a 
part of the desired time with any of the rats, and this at levels too 
low to permit complete cure of the sore eyes produced during the 
depletion period. Difficulty was also encountered in securing sativs- 
factory control experiments because of the unequal distribution of 
vitamin A in cabbage. These two limitations have made it impossi- 
ble to arrive at any ac(;urate determination of the possible losses of 
vitamin A during the processes of manufacture and canning of com- 
mercial sauerkraut. The results of the study of one brand suggest 
that differences between the vitamin-A content of sauerkraut and 
cabbage may be due to variations in the type of cabbage used or to 
the extent of the removal of the outer leaves of the head more largely 
than to any considerable destruction of vitamin A during the prex'esses 
of fermentation and canning. The amount of vitamin A contributed 
tio the diet by cither sauerkraut or winter cabbage is practically 
negligible. 
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POTASSIUM IODIDE AS A MINERAL SUPPLEMENT IN 
PAIRED FEEDING EXPERIMENTS WITH GROWING 
SWINE ‘ 

By W. PI Carroll, Professor and Chief in Swine Husbandry; H. H. Mitchell, 
Professor and Chief in Animal Nutrition; and G. E. Hunt, Assistant in Swine 
Ihishandry^ Department of Animal Husbandry y AgricAiltural Experiment Station 
of the University of Illinois 

INTRODUCTION 

During recent years the advisability of reinforcing the rations of 
farm animals with additional minerals has received a great deal of 
investigation by a number of agricultural experiment stations in this 
country. The mineral supplements investigated, both singly and in 
various combinations, have been numerous. From the mass of 
experimental data obtained certain facts have been established 
beyond question. With reference to the feeding of swine, the preva- 
lence of a calcium deficiency in the grains and their by-products 
has been demonstrated, and methods of correcting this deficiency, 
either with sui)plementary feeds or with mineral compounds of 
calcium, have been worked out. The value of salt in swine rations 
has been repeatedly confirmed, and the need for iodine supplements 
t)y pregnant sows in certain restricted areas has been clearly shown. 
Beyond these basic facts, more or less confusion prevails as regards 
the need for other minerals, a confusion of which commercial interests 
have taken the fullest advantage. 

It appeared to the writers of this paper that much of this confusion 
about the effects of adding mineral supplements to swine rations was 
because of the method of experimental feeding employed. The 
results of the group-feeding method, particularly when no attempt is 
made to equalize the intake of food, are not so readily and surely 
interpreted as is commonly supposed, and their full explanation is in 
most cases impossible, 

REVIEW OF LITERATURE 

The situation can be well illustrated with reference to the mineral 
supplement with which this paper is specifically concerned, i. e., 
potassium iodide. An exhaustive review of the published experi- 
mental work on Iodine in Nutrition, prepared recently by Orr and 
Leitch removes the necessity of any extensive review of this 

work here. The following discussion is not concerned wth the nee‘d 
of iodine by pregnant sows in those areas within which goiter is 
endemic, thus restricting the field of experimental work to which 
specific attention should be directed. It deals only; with the possible 
need for iodine supplements by young growing swine in those areas 
of the county, including Illinois, in which goiter in farm animals is 
either nonexistent or of rare occurrence. Welch (15), as the result 
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of a study of goiter in farm animals that extended over a number of 
years, came to the conclusion that the geographic distribution of 
animal goiter in this country is much more restricted than that of 
human goiter. 

In 1925 Evvard and Culbertson (5) published the results of three 
experiments on young growing pigs concerned with the effect on 
growth of a potassium iodide supplement to good rations. In the 
first experiment the pigs were fed a basal ration of corn with a supple- 
mental mixture containing tankage, corn gluten meal, corn oil cake 
meal, linseed meal, cottonseed meal, bone meal, and salt. They had 
access to rape pasture and additional salt. The second and third 
experiments involved dry-lot feeding. The basal ration in the second 
experiment contained corn, cottonseed meal, blood meal, limestone, 
salt, and bone meal; and in the tliird experiment it was more com- 
plicated, containing besides com, cottonseed meal, com oil cake meal, 
linseed meal, standard wheat middlmgs, soybean meal, peanut meal, 
alfalfa meal, salt, limestone, and spent bone black. In the iodide- 
fed lots a small amount of potassium iodide was introduced either 
into the supplemental feed or the supplemental minerals. The 
average daily intakes of i)otassium iodide in the three experiments 
wore, respectively, 0.67, 0.85, and 0.08 grain per pig, or 43, 55, atid 
5 ingm. Tlie experimental lots contained, respectively, 5, 7, and 6 
pigs each in the three experiments. 

1ji all experimeiits the rate and economy of gain av’^eraged higher 
in the iodidc-fed than in the control lot, and in the last two experi- 
ments the iodide-fed pigs averaged larger in length, height, and cir- 
cumference. The vsignificance of the experiment is assessed, by the 
authors and by those referring to it, largely on the basis of the average 
results only, and the inferepce is that the iodide supplement increased 
the rate of gain and decreased the cost by approximately 10 per cent. 
However, the probable errors of the average daily gains have been 
computed, and the average difference between comparable lots with 
their probable errors are reported for all experiments. These are, 
respectively, 0.103 >0.091, 0.126±0.092, and 0.179:i:0.052 pound. 
This statistical analysis affords no basis ^ for supposing that, in the 
first two experiments, the greater average gain of the iodide-fed lot 
was the result of iodide feeding, since the average difference in gain 
is only slightly greater than its probable error. 

The interpretation of these differences and their probable errors by 
the authors (5, j). 195) of the report may be illustrated by the state- 
ment in rega^rd to the first experiment: 

The mean difference in therefore 1.14 times the probable error. This would 
lead us to expect that future experiments, similarly planned and conducted, 
would result in approximately 78 per cent of the cases showiiiR that t he addition 
of the iodide would result in a,n increased average gain. 

Serious exception may be taken to such an interpretation. This 
method of analysis simply permits an estimation of the probability 
that the particular outcome is the result of chance only. If this 
probability is sufficiently small, the operation of the imposed experi- 
mental condition becomes highly probable, or even practically cer- 
tain* Anything greater than such a limiting probability, which is 
generally taken as 1 to 30 or 1 to 50, is commonly interpreted as a 
negative result. The particular experiment in question is imdoubt- 
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edly of this description. The authors (5, p, 215) attach considerable 
significance to the fact that in all three experiments the variability 
of the gains in the iodide-fed lot was less than that in the control lot. 
These facts, according to the authors, '^make the beneficial results 
secured from iodide feeding, under Ames conditions, quite signifi- 
cant.^^ The basis of this argument is not apparent. 

The usual interpretation of the third experiment would be that the 
rates of gain of the pigs had been favorably affected by the iodide 
supplement. However, as Student (/) showed in his paper of 1908, 
with small samples of 10 or less the standard deviation of the popu- 
lation can only be roughly estimated from that of the sample, and 
the errors of estimation seriously affect the use of the probable error, 
so that greater confidence in the significance of the experimental 
outcome is indicated than a more critical analysis would justify. 
Hence, in regard to the tliird experiment of Evvard and Culbertson 
(5), some hesitation in accepting the usual interpretation may rea- 
sonably be urged, since there were only six pigs to the lot. It may 
also be pertinent to call attention to the fact that the iodide dosage- 
in the third experiment was only one-eighth that of the first experi- 
ment and one-eleventh that of Ihe second. As the latter doses are 
not at all excessive or detrimental in their physiological effect, some 
surprise may be felt that the dose which was by far the smallest 
should produce the greatest effect. 

A similar analysis of the dimensional measurements is not given by 
Evvard and C.^ulberston {5) and can not be made by the reader since 
the individual data are not at hand. Also, in group-feeding work, 
the statistical significance of average values for the economy of gains 
can not be assessed. It is not surprising, however, that lots showing 
the greater average rate of growth shouhl also show the greater aver- 
age size, as well as the greater average economy of gain. These are 
correlated, not independent, measurements. 

In the course of a series of investigations of the mineral and vitamin 
requirements of pigs, Bohstedt and his associates (^), in their eighth 
experiment, tested the effect of an addition of potassium iodide to a 
ration of com, flour w^heat middlings, linseed meal, salt, calcium car- 
bonate, and ferric oxide. Two groups of five young pigs each were 
used for this comparison. The control lot gained an average of 0.93 
pound daily, ana the iodide-fed lot, 1.01 pounds. The authors' 
statement that the iodide supplement seemed to improve the basal 
ration is based upon average group results, apparently without refer- 
ence to individual performance.^ Unfortunately this is. the usutri 
method of interpreting group-feeding data, though it is clearly at 
fault. In this experiment also, no reference is made to the average 
intake of food. The control pigs consumed daily an average of 4.25 
pounds of the ration, while the iodide-fed pigs consumed 4.8 pounds 
of feed daily. Hence, the control lot did not really function as a 
control lot should, since it affords no infonnation concerning the gain 
that would have resulted from a daily intake of 4.8 pounds of the 
basal ration. The lack of such information makes it impossible to 

= The individual growth ciurves of the pigs in the iodide-fed lot and its control (^, v, show clearly 

that the greater averge gain of the former lot was due to the exceptionally rapid growth of two of the five 
pigs in the lot. 
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decide how much, if any, of the average difference in rate of gain 
between the two lots was caused by the potassium-iodide supplement. 

In 1927, Weiser and Zaitschek (14) of Budapest reported an experi- 
ment on swine concerned with the influence of potassium iodide admin- 
istered to the dam upon the growth and health of the pigs throughout 
the suckling period. Forty pregnant sows were divided into two 
groups, the first containing 17, and the second 23 animals. The 
feeding and treatment of the animals in the two groups wore the same 
except that the sows of Group 2 received daily, during the last three 
weeks of pregiiancy and throughout the lactation period, 125 mpn. 
of potassium iodide. In the aggregate, the results are described as 
follows; 

The litters in the two groups averaged initially very nearly the same 
in size and weight. Slightly more of the pigs in the iodide-fed group 
were born dead, and considerably more were crushed by the mother 
sow. The striking differences between the two groups to which the 
authors call particular attention relate to the mortality incurred and 
to the growth secured. During the period of observation, almost 55 
per cent of the pigs in Group 1 died of disease, the nature of which was 
not determined. In the same period, less than 3 per cent of the pigs 
in Group 2 succumbed. The average growth rate of the pigs in the 
latter group is said to have exceeded that of the former by a con- 
siderable amount, so that at the end of the experiment the iodide-fed 
pigs averaged 18.54 kgrn. in weight, while the control pigs averaged 
only 13.17 kgin. 

'the experiment is thus presented as a clear-cut demonstration of a 
markedly favorable effect of iodide feeding on growth and resistance 
to disease. However, there are serious objections to the manner in 
which the experiments wej*e carried out. All of the litters in Group I 
were farrowed during the period from November 13 to December 23, 
and all of those in Group 2 were farrowed during the period from Nov- 
ember 5 to November 14. Thus, the two groups were not under 
observation simultaneously, and all of the litters of Group 2 were 
older than the litters of Group 1 with two exceptions. The weights 
obtained at any definite time arc not comparable, though they are 
treated as such with no reference to the difference in age. Thus, the 
average final weights already cited refer in Group 1 , to litters ranging 
from 60 to 75 days in age, averaging 66 days, and in Group 2, to litt/crs 
ranging from 74 to 83 days in age, averaging 78 days. The average 
weights, of pigs for the surviving litters when arranged in order of 
their ages present a regularly descending series of values showing no 
break in passing from the iodide-fed to the control group, as shown 
in Table 1. Obviously any conclusion that the administration of 
potassium iodide to the sows of Group 2 affected in any way the growth 
of the litters is untenable. The authors of this report show an amaz- 
ing disregard of the obvious explanation of the differences in weight 
existing among the iodide-fed and control litters, and permitted an 
amazing delinquency in the plaiming of their experiment. 
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Table 1. — Average final weights of pigs per litter in the experiment of Weiser and 
Zaiischek ( 14 ), in comparison with age and iodine treatment 


Sow No. 

Age of 
litter 

A venige 
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12.00 

Iodide. 

, 18 - .... 

76 
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7.5 
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Consideration of the question whether the iodide administered 
to tlie sows of Group 2 protected their litters against the disease that 
de(‘iruated the litters in Group 1, must give due weight to the fact 
that over 80 per cent of the mortality in Group 1 occurred in 7 of the 17 
litters, and that these 7 litters were the latest to be farrowed in that 
group. The 7 litters farrowed on and after December 2, containing 
08 pigs at birth, were entirely destroyed before the final date of the 
experiment; the causes of death were not noted. Although there 
would be little profit in speculating on this matter, it is clear that 
conditions prevailing in December were very unfavorable to the 
growth and health of newborn pigs. Whether the supplemental 
iodide given the sows in Group 2 would have protected their pigs 
against these unfavorable conaitions at a younger age can hardly 
be predicted from the outcome of this poorly planned experiment. 
The resistance of the iodide-fed pigs to disease, if one may interpret 
their high percentage survival ^ m this way, is but slightly different 
from the resistance shown by 10 of the 17 control litters. 

An experiment on rats, similar in its objects to that of Weiser and 
Zaitschek (/4), has been reported by Maurer and Diez (.9), of Munich. 
Two groups of four pregnant rats were fed during the gestation and 
lactation periods upon a diet of maize and milk. In the ration of 
one group the iodine content of the maize had been increased by a 
potassium iodide fertilizer, and that of the milk by supplementing 
with potassium iodide the ration of the dairy cows from which it 
was obtained. In this way, the iodine consumed by the test animals 
was raised to approximately twice that of the controls; that is, 
47 * daily as compared with 27 . Throughout the lactation period 
the body weights of the mother rats varied but little, but the average 
weight of the young of the mothers on the iodized ration exceeded 


* As another instance of the partiality^shown the iodide*fed Rroup in the experiment there were 11 pigs 
added to the control litters at or shortly after farrowing^ and 22 added to the iodide^fed litters. No mention 
of this is made in the text, and no edlowance made in the computation of mortality or survival percentages. 
An admission that the pens in which the control litters were confined received less sunshine than those of 
the iodideded litters, at a time when an antirachitic factor in the food or environment is an urgent uecessit y, 
and the value of worm sanitary quarters is at a premium, needs no comment. 

».7-‘0,00l milligram. 
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that of the young of the mothers on the normal ration, so that at the 
end of three weeks the average difference in weight amounted to 
about 20 per cent. The average weights per litter at this time were 
24, 26.5, 20, and 22 gm. for the test rats, and 18.5, 21, 16.5, and 18.5 
gm. for the control rats. For two other female rats, potassium iodide 
was added to the normal ration at the rate of 2 O 7 daily. Neither 
the mothers nor their young were adversely affected by this much 
larger dosage of iodide, nor was the growth of the young appreciably 
different from that of the mothers on the untreated maize and milk. 
At 21 days of age the average weights of the young in these two 
litters were 19.5 and 21 gm. The evidence obtained in this experi- 
ment indicates a favorable effect of iodide feeding on growth at the 
lower level of intake, but statistically it is not competent to estab- 
lish such an effect. Even less convincing are the chemical analyses 
of three young rats from each of four litters, two control and two 
test. These analyses are taken to prove profound changes in the 
moisture and ash contents of the rats as the result of iodide feeding. 

Hanzlik, Talbot, and Gibson (6*) have reported the results of feed- 
ing small doses of sodium iodide (about 1 mgm. daily) to young, 
growing rats in four experiments. The group-feeding method was 
employed, using three to five rats per group. The average data only 
are reported. The experimenters were concerned mainly with the 
question whether continued administration of iodide to animals will 
produce detrimental effects, having in mind the therapeutic treatment 
of thyroid troubles. Their results did not reveal any such effects, 
and from a consideration of the growth curves they concluded 
that — 

the continued administration of iodide in small daily doses in food over long 
periods (covering from about One-seventh to seventh-twelfths of the span of life) 
to rats caused moderate though variable increases in weight and growth of the 
body in the majority of animals on complete dietary. 

Even this conservative statement may be too positive, since in the 
third of the four experiments the control group exceeded the iodide- 
fed group in rate of growth throughout the period of observation, 
while in the first experiment the controls ultimately exceeded the 
test rats in median weight. 

In apparent contrast to the experiments just reviewed, which have 
been interpreted to mean that a supplemental feeding of iodides 
to animals, cither directlv in their food or through the milk of the 
^am, may exert a favorable effect upon growth and well-being, may be 
cited a nifmber of other experiments m which such indications are 
absent. Orr and Leitch (10) in their review of the literature on 
iodine in nutrition, describe briefly a number of experiments on swine 
performed at the Rowett Institute at Aberdeen, Scotland, in which 
the effect of supplemental iodine upon growth and reproduction 
was investigated. The results are interpreted as entirely negative, 
except in so far as they showed that no toxic effects on young pigs 
or on brood sows are likely to follow the administration of iodine up 
to that equivalent to 1 gm. of potassium iodide per head per day. 
Essentially negative results were also secured with calves. 

Rothweil (/} ) investigated the value of potassium iodide for growing 
SMFme in an experiment at the Central Experimental Farm, Canada. 
A lot of five pigs received daily from 50 to 100 mgm. of potassium ‘ 
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iodide per head. Starting at an average weight of 55 pounds, their 
average rate of growth to a weight of 274 pou/ids was somewhat less 
than that of the control lot. 

The Purdue Agricultural Experiment Station has reported ^ the 
results of two years' work on the feeding of dried kelp to growing 
swine, with particular reference to its iodine content. Turrentine (13) 
reported the average composition of 29 samples of dried kelp from 
the Pacific coast, axialyzed by the United States Department of 
Agriculture. Almost 40 per cent of this material consisted of inor- 
ganic salts, about one-half of which was sodhirn chloride. Its iodine 
content averaged 0.26 per cent and among the 29 samples ranged 
from 0.17 to 0,41 per cent, Turrentine voices an oj)inion not uncom- 
monly held that — 

it is preferable that the body be permitted to seeare its iodin from some natural, 
vegetable carrier of iodin, by natural digestive processes of selection and elimi- 
nation through a prolonged digestive period rather than from some chemical, 
highly soluble and of higli penetrative powers, against which the natural i)rotec- 
tive and defensive agencies of the body are not able to prevail. 

That sea plants are efficient as a source of iodine is indicated by the 
work of Hunter and Simpson (3), who found the iodine content of 
the thyroids of sheep in the Orkney Islands, which lived largely on 
seaweed durinjj the winter, was extraordinarily high (1.05 per cent 
on the dry basis). 

The Purdue experiments were of the ordinary description and have 
been reported in the tisual way by averages only, so that it is not 
possible to assess the significance of the average by any statistical 
method. All lots of ])igs in both experiments contained 10 animals 
each. In the first experiment a ration of ground corn 90 and fish 
meal 10 promoted an average daily gain of 1.55 pounds throughout 
90 days of feeding. Substitution of 1 per cent of fish meal by 1 per 
cent of dried kelp resulted in the same average gain, but a similar 
substitution of 2 per cent gave an average gain of 1.63 pounds. With 
tankage or soybeans as the nitrogenous concentrate, the average 
daily gain of {he lot receiving either 1 or 2 per cent of dried kelp 
exceeded that of the check lot, the averages being 1.23 and 1.54 
pounds for tankage, and 0.94 and 1.04 pounds for soybeans. In the 
second year’s experiment, a ration of shelled corn and meat scraps 
gave an average daily gain of 1.54 pounds in a 90-day feeding trial. 
When dried kelp replaced (me-fifth of the meat scraps, the average 
daily gain was 1.49 pounds, and when it was fed '‘free choice,” the 
average daily gain was 1.54 pounds. If the first experiment is taken 
to indicate a favorable effect of iodide as a supplement to the tankage 
or soybean rations, the second experiment may be explained on the 
basis of a possible higher iodine content of the basal feeds, making 
an iodide supplement ineffective. It seems logical, however, to con- 
clude that both experiments are essentially negative, the apparently 
positive results in the first experiment being a not greatly improbable 
outcome of the operation of chance only. 

In an experiment reported by Cameron and associates (3, 4), the 
feeding of sodium iodide tb rats had no obvious effect upon ^owth, 
though the colloid in the thyroid gland was increased. Similarly 

^ These results have been issued only as mimeographed sheets dated Nov. 20, 1928, and Sept. 27, 1029. 
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Hayden, Wenner, and Rucker (7) have observed that the addition of 
iodine to the drinking water of young rats, subsisting upon a diet of 
natural foods, decreased greatly the size of the thyroid apparently 
without affecting the rate of growth. 

In evaluating the results of the foregoing experiments, account 
should be taken of the fact that positive results, indicating a definite 
nutritive effect of a dietary factor, can not be readily disproved by 
negative evidence unless some error in the experiments yielding posi- 
tive results can be detected, or unless it can be shown that some 
alternative explanation has not been disposed of. But it is equally 
true that an experiment can be considered to possess a definite positive 
significance only when it satisfies some adequate method of statistii'al 
analysis. The fact that a test group of animals shows a larger aver- 
age measurement than the group carried as a control is not proof 
that the difference in experimental treatment between the groups is 
responsible, since such an outcome would result once in every two 
trials by the operation of chance alone. Without further statistical 
analysis such a result can not be considered a positive one. Unfor- 
tunately moat of the above-described experiments were not planned 
in such a way or reported in sufficient detail so that an adequate 
statistical analysis can be made of them. Hence, two interpretations 
of them are at hand, neither of which is demonstrably more probable 
than the other: (1) The apparently positive results were obtained 
with basal rations very low in iodine or with experimental animals 
on the verge of iodine undernutrition, while the negative results were 
obtained under conditions of adequate iodine nutrition; or (2) the 
occurrence of apparently positive results is purely the result of chance, 
such as would be obtained if the iodine supplexnent were without 
effect upon grow'th. 

METHOD 

Since it appeared to the writers that the difficulty in evaluating the 
significance of experiments on the siipplementing value of iodides for 
the growth of animals was inherent in the OToup method of feeding 
ad libitum, it was decided to attack the problem by an entirely differ- 
ent method in which the control of experimental conditions is much 
more complete. The paired-feeding method was therefore used. In 
this inethod, each test animal has its own control animal, selected for 
equality of weight, sex, breeding, and condition, and treated in every 
way the same, including the quantity of food consumed, except for 
^he dietary supplement whose effect upon growth it is desired to 
determine. Although in equalizing the food intakes of paired animals, 
the intake of one or the other is restricted from time to time as its 
pair mate refuses some of its ration, there is no basis for the belief 
that the comparability of the results obtained is at all impaired, or 
that their significance is modified. A ration deficient in any one con- 
stituent in the support of growth, should exhibit that deficiency for 
all intakes of food capable of supporting growth. For the same 
reason, the deficiency of com protems in tryptophane or of a com 
ration in calcium is not dependent upon the amount of food con- 
sumed, but is evident at all levels of food intake consistent with 
growth. 
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Table 2.-- (^ompoitition of basal ration of pigs 
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The eontrol animal in each pair is thus a (‘ontrol in all respects in 
so far as it is possible to make it so, with reference to its food require- 
ments, its ability to ^row, the character of the basal ration, and the 
amount of it consumed. Another marked advantage that the method 
possessed over the group-feeding method is that it capitalizes to the 
fullest (‘xtent the ability of the experimenter to select his animals for 
control and tost treatment in order to assure the closest equality in 
performance under like conditions. The interpretation of the results 
by statistical methods is not in the sliglitest degree impaired by the 
most careful selection of experimental animals. However, with the 
group-feeding method the statistical analysis of the results is com- 
monly made on the assumption, implied or admitted, that random 
selection only has been used, and in so far as the experimenter inter- 
feres with the randomness of the gains (or other results) secured, by 
his praiseworthy desire to balance properly his experimental groups, 
the applicability of the ordinary statistical method be(*omes less exact. 

Thirteen carefully selected pairs of Poland-C<hina ])igs were used in 
this experiment. Their initial weights ranged from 57 to 76 pounds, 
though within any pair, the diflerence in initial weight did not exceed 
4 pounds. The basal ration contained ground corn, tankage, linseed 
meal, alfalfa meal, and salt in proportions that were varied in accord- 
ance with the body weights of the pigs, as shown in Table 2. The 
chemical composition of samples of the feeds used, taken continuously 
throughout the experiment, is recorded in Table 3. The test on each 
pair was continued until at least one pig attained a weight of 175 
pounds. The initial and final weights recorded in Table 4 are each 
the average of three weights taken on consecutive days. Interme- 
diate weights were taken weekly on each pig. The essentit^l data of 
the experiment are given in Table 4. • 

The potassium iodide was administered to each test pig of the 13 
pairs once daily in water solution. An amount of this solution equiv- 
alent to 1 grain of elemental iodine was poured over the morning 
feed at feeding time. 


Table 3. — Chemical composition of the feeds used 
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TAfiLtii} 4. — Weights^ gains or losses f and feed consumption of 13 pairs of pigs when 
one of each pair was fed potassium iodide as a mineral supplement to an otherwise 
adequate basalration 
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Table 4. — W eights ^ gains or losses y and feed consumption of 13 pairs of pigs when 
one of each pair was fed potassium iodide as a mineral supplement to an otherwise 
adequate basal ration — Continued 

WEEKLY GAINS OR LOSSES-Continued 
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Reference to Table 4 shows that in 7 of the 13 pairs the control pig 
made the more rapid gain, while in 6 pairs the iodide-fed pig gained more 
rapidly. A study of *the gains from w^ook to week confirms the negative 
character of tlie experiment. Of the 277 weekly comparisons between 
the gains of pair mates, 143.5 favored the check pig and 133.5 favored 
the pig receiving the iodide supplement. The ideal result, if chance 
alone operated, would be 138.5 comparisons favoring either the check 
or the test ration. The deviation of 5 from this ideal is considerably 

leas than the standard deviation (V0-5X0 '5 X277 = 8.3), and hence is 

insignificant as an indication of the o])ei‘ation of any but chance 
factors, not under control. 

Under the conditions of this experiment, therefore, it seems (dear 
that potassium iodide did not increase the growth-promoting value of 
the basal ration. 

Thus the majority of experiments concerned with the effect of iodim* 
supplements to natural rations on the grow^th of young animals not 
obviously afflicted with hypothyroidism indicate no beneficial eflec’t, 
and those experiments that have been interpreted in a positive w ay are 
either statistically inadequate or have been demonstrably misinter- 
preted. It may l)e asked whether there is any good reason to l)elieve 
that, in the absence of evidences of thyroi(f malfunction, iodine 
deficiency may nevertheless exist and hence iodine administration may 
favorably affect growth. The following facts are pertinent to this 
(luestion, though they do not afford a (‘.omplete answer to it: 

(1) No other function of iodine in tlie metabolism of the liiRher animals has 
been demonstrated thaii its functional relationsliip to tlje thyroid gland. 

(2) Thyroid enlargement seems to be an invariable acct>m])animent of a dietary 
deficiency of iodine. The absence of a hyperplastic thyroid may thus be fairly 
taken as an indication of a sufficient iodine supply. 

(3) la normal animals, exhibiting no evidences of thyroid enlargemeni and no 
symptoms of hypothyroidism, the administration of thyroid material by mouth has 
in most experimental work been associated with a retardation rather than an 
acceleration of growth. This is in agreement with the known stimulating effect of 
thyroxine upon total and nitrogenous catabolism. 

(4) In hypothyroidism, the administration of iodine simulates that of thyroid 
material, particularly with reference to its effect on the basal metabolic rate. Tlie 
effect of the administration of both thyroid material and of iodine in normal 
animals is less regular than in hypothyroid animals, being subject apparently to 
individual constitutional or functional differences. The most characteristic 
effect of thyroid material, that is, its stimulating effect, on heat prodnetion, is 
generally evident with normal adult animals, though with normal children it is 
frequently ^without effect (Topper and Cohen ( 12 )). Iodide administration to 
norjnal anfmals has been observed to increase basal metabolism, to be without 
(effect, and to decrease it, though in all cases the changes were slight. 

There is thus no compelling reason to expect that small addenda 
of iodide to the ration will affect animal growth in the absence of 
thyroid hypofunctioning, nor to assume, as Kvvard and Culbertson 
(ff, p. 193) do, that 

itiasiiiuch as goitre represents fairly advanced stages of the disease it is easy to set' 
that there niay be a shortage of iodine in the ration sufficient to prevent adequate 
nutrition and yet not so great a deficiency as to develop goitrous patliology. 

SUMMARY 

A critical analysis of published experiments on the effect ef supple- 
mental iodides on the growth of animals not obviously suffering from 
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hypothyroidism, shows that the majority indicate no iieneficial effect 
and that those experiments which have been interpreted in a positive 
way are either statisti(*ally inadequate or have been demonstrably 
misinterpreted. 

In a paired-feedinji: experiment involving 18 pairs of Poland-China 
pi^s, weighing initially from 57 to 7() pounds and finally about 175 
pounds, no evidence was obtained that the administered potassium 
iodide, equivalent to 1 grain of iodine daily, in any way affected the 
rate of growth. In 7 of the 18 pairs the control pig made the more 
rapid gain. The basal ration used contained ground yellow corn, 
tankage, linseed meal, alfalfa meal, and sodium chloride. 
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INFLUENCE OF SMALL QUANTITIES OF POTASSIUM 
IODIDE ON THE ASSIMILATION OF NITROGEN, PHOS- 
PHORUS, AND CALCIUM IN THE GROWING PIG> 

By F. J. McClure, in Animal Nutrition, and H. H. Mitchell, ('hief 

in Ayiinial Nutrition, Department of Animal Husbandry, Illinois Agricultural 
Experiment Station 


PREVIOUS INVESTIGATION 

In 1925, Kelly (^),^ of the Rowett Research Institute at Aberdeen, 
Scotland, published the results of an experiment upon four growing^ 
pigs to determine the efleet- of potassium iodide upon the metabolism 
of nitrogen, calcium, and phosphorus. The results obtained were 
interpreted as indicating definitely that potassium iodide in the 
amount used increased the retention of both nitrogen and phosphorus, 
and less definitely of calcium. The experiment was carefully planned 
and executed, and the results were, for three of the four pigs, ade- 
quately controlled. In fact, for three of the pigs two methods of 
control were adopted, one in which each pig was a control upon itself 
in a preperiod and a post period of no iodide supplements, the other in 
which a control pig, receiving no iodide supplement at any time, was 
carried along on the same amount of the basal ration that the test pig 
received . The fourth pig was the control pig for one of the other three 
and was later given three increasing doses of potassium iodide in as 
many periods. In this case the control was hardly adequate. 

With only three or four experimental animals it may be urged that 
the data should consistently support one interpretation before a 
definite conclusion is established. But in the experiment of Kelly the 
data are not consistent throughout. In the first experiment, the 
experimental pig showed gi*eater retention of nitrogen and calcium in 
the potassium-iodide period than in the control period and a smaller 
retention of phosphorus. A markedly greater retention of all three 
elements occurred in the postperiod than in any of the preceding periods. 
However, Kelly does not use the results of this period in his interpre- 
tation because '^during this period the animal had a tendency to eat 
its feces, thus rendering the results unreliable.'^ The discarding of 
one-third of the data on this pig should be based upon something 
more than a casual observation of this description, particularly when 
there is no obvious reason why copropha^ should have been confined 
to one experimental animal in one experimental period. 

In the second experiment, the experimental pig stored mor(^ nitro- 
gen, calcium, and phosphorus in the potasvsium-iodide period than in 
either the preceding or the following control periods. In the third 
experiment, the test pig retained more of all three elements in the 
potassium-iodide period than in the preperiod, but less of phosphorus 
and of calcium than in the postperiod. The fourth experimental pig 
showed no distinct increase in the assimilation of nitrogen, calcium, 
and phosphorus in periods in which 3 or 6 ingm. of potassium iodide 
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were given daily, but when the dose was raised in a succeeding period 
to 0.5 grn. daily, an enormous increase in the storage of phosphorus, 
a moderate increase in the storage of nitrogen, and a slight and prob- 
ably insignificant increase in the storage of calcium occurred. No 
postperiod was run in this case. 

The interpretation that Kelly gives to his data was based less 
upon such relations as those just described than upon a comparison 
of test and control pigs, attention being almost entirely confined to 
the preperiods and the postassiuin-iodide periods. Since the data 
are few and are not consistent throughout, the conclusions deduced 
are not convincing. In explaining his conclusion that iodine admin- 
istration increases nitrogen retention Kelly says, “the increased reten- 
tion of nitrogen after the addition of iodine, observed in all these 
experiments, is an index of the inducement of better growth probably 
due to the stimulation of the thyroid gland by the iodine. But, as 
Kelly himself points out, the observed increases in nitrogen retention 
associated with iodide^ administration, were, in agreement- with a 
number of other experiments, accompanied in general by increased 
urinary excretion of nitrogen and hence, were generally the result of 
a decreased fecal excretion of nitrogen. Hence, if there is a causal 
relation between the observed increases in nitrogen retention and the 
iodine administered, one must assume that potaswsium iodide stimulates 
the digestive enzymes, or in other ways induces a more complete 
digestion. But a number of investigations, including those of I^oeven- 
hart and Peirce (7) on liver and pancreatic lipase, those of Berczeller 
and Freud (f , 2) oii malt and salivary diastase, and particularly those 
of Clifford (5, 5) on ptyalin and pepsin, have shown with remarkable 
unanimity that iodides, and particularly potassium iodide, retard the 
action of digestive enzymes, or totally inactivate them, in all concen- 
trations producing any effect at all. Also, Magee and Reid {8) have 
observed that the addition of small quantities of potassium iodide to 
the nutrient solution containing excised rabbit intestine increases the 
rate and amplitude of the intestinal contraction, and that the motility 
of the intestines from rabbits receiving iodide was greater than that 
of the controls. In the intact animal it is known that large doses of 
iodides cause diarrhea. These experimental findings are not con- 
sistent with the view that potassium iodide exerts a favorable effect 
upon digestion, and hence they suggest that the observed relation in 
Kelly's experiments between iodide dosage and decreased fecal 
excretipn of nitrogen is not a causal one. 

EXPERIMENTAL METHODS 

The uncertainties that appear to exist in the interpretation of Kelly's 
data, and the objections that may be raised against the acceptance of 
his conclusions, fender a repetition of the work desirable. Accord- 
ingly, the writers undertook metabolism studies on five pigs. A larger 
number of pigs could not be handled simultaneously with the equip- 
ment available. Hence, in order to make the most of the experiment, 
each pig was allowed to serve as a control upon itself in a preperiod 
and a postperiod in which no iodide was administered. In the test 
period each pig received 0.248 gm. of potassium iodide. This is the 
dosage used in Kelly's experiments. Each of the three periods lasted 
14 daj^s, but the collections of urine and feces were composited for 
analysis every 7 days. The first collection period was preceded by a 
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3-day period in the metabolism crates on the same amounts of food 
consumed during the subsequent seven days. 

The pigs were crossbreds between the Poland-China and the Duroc- 
Jersey breeds. Their initial weights were 120, 108, 1 13, 111, and 108.5 
pounds, respectiveJy. Three of them were gilts and two were barrows. 

The basal ration was the same in composition throughout all periods, 
and consisted of 79.5 parts of ground yellow com, 15 parts of soybean- 
oil meal, 4 parts of linseed meal, 1 part of cod-liver oil, and 0.5 part of 
NaCl per 100 parts of ration. In addition, each pig received daily 
5 gms. of calcium in the form of CaaCPOpo. The intake of food was 
somewhat smaller in the fore period than in the test and after periods, 
but in the latter two periods it was nearly the same. 


Table 1.-- Bod if weighls, and food consumption of the pigs 
pro 32 30 s« 


Koro 1 . , 
Fore 2- 
Tosf K., 
Test 2,.. 
.\fter L 
After 2 


Fore I. 
Fore 2. 
'Tost 1 , , , 
Test 2, . 
After 1. 
After 2.. 


Fore 1 - . 
Fore 2. 
Test K.. 
Tost 2 . 
After 1 . . , 
After 2 


1 

Fore 2_ .. 
Test 1_. 
Test 2. _ 
After 1 . . _ 
After 2. 


Fore I 

Fore 2 

Test 1 

Test 2-_. 
After 

After 2 


Period 


I Length 1 
' of T>enod j 

I 

_ _ I ' 

I Days ^ * 

. - _ _ I 

PIO 24-3 S 




PIG fMi S 


7 


PIG 6-9 B 



PIG .39-30 B 


7 

7 

7 

7 

7 

7 


Initial 

weight 

I'inal 

weight 

Gain 

1 

! Feed con- 
1 .sunied 
j daily 

Pounds 

Pounds 

Pounds 

1 Grams 

120 0 

131.0 

11 0 

! 1,800 

131 0 

138 5 

7.5 

! 1,980 

138 

151 0 

12 5 

1 2, 134 

151.0 

101. 5 

10 5 

1 2, 100 

101 5 

175 5 

14 0 

2,100 

175 5 

1 184. 5 

1 

9 0 

i 2, 100 

1 

108 0 

118 5 

10.5 

1,700 

118.5 

122 5 

4.0 

1,558 

122 5 

131. 5 

9 0 

1,836 

131.5 

137. 5 

0 0 

2,040 

1,37. 5 

155 0 

17. 5 

2.040 

155 0 

100 5 

5 5 

2,040 

113.0 ' 

i 127 5 i 

14 5 

1,800 

127.5 I 

[ IS."). 5 i 

8 0 

1,980 

135 5 

148 0 1 

12 5 

2, 134 

148.0 

101. 5 1 

13 5 j 

2.100 

lf)J 5 

172.5 : 

11 0 1 

2. 100 

172.5 

i 177.5 , 

1 ! 

5 0 1 

2,160 

111 0 

121.5 1 

10 5 ‘ 

1,600 

121.5 

130.0 ! 

M 5- 

1, 700 

130,0 

138 5 ! 

8. 5 ^ 

1,81^ 

138. 5 

150.5 ! 

12.0 

1.920 

150 5 

102 0 1 

11 5 

2,000 

102 0 

172. 5 1 

. 1 

10.5 1 

2,000 

108.5 i 

121.0 

12. 5 

1,800 

121.0 : 

128.5 

7.5 

1,980 

128,6 i 

140. 6 

12.0 

2, 1.34 

140.5 i 

152. 0 

11.5 

2,160 

1.52.0 1 

163.5 

11.5 

2,100 

103. 5 

175. 5 1 

! 

12.0 

2,160 


® 8«sow and barrow. 

^ This pig vomited part of Its food on the fourth day of the period . The urine and feces were discarded for 
this day. For the following two day® the food intake was irregular. 

« The pig vomited on the drst and fifth days of this period, and on these days the collections of urine and 
feces were discarded. The food intake on the second day was only 1,020 gms. 

iisao o * "" 
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EXPERIMENTAL RESULTS 

The food intakes of the pigs and the weight changes are sum- 
marized in Table 1. There is no indication that the iodide supple- 
ment during the test period affected the rate of growth of these 
young pigs. The average gains for the five pigs in the successive 
14-day periods were 18.9, 21.6, and 21.5 pounds, respectively. 


Table 2. — T ha fecal excretion and the digestibility of nitrogen 
PTG 32-3(1 


l^erfod 


>’ore K . - 

Fore 2. 

Test ] 

Test 2 

After 1 

After 2 


Fore 1- .. 

Fore 2 , - 

Test I 

Test 2 

After 1 

After 2 


Fore 1 

Fore 2 

Test 1 

Test 2 

After I 

After 2 


Fore 1 

Fore 2 

Tost 1 j 

Test 2 

After 1 

After 2 


Average • Average 
daily fresh ' daily feces 
feces I on dry 
voided basis 


Dry sub- | Digest! 
stance in } bility of 
fresh feces i nitrogen 


PIG 24-3 


PKl 6-41 


rid 6-9 


ams 

Oram<f 

Per cent 

! Per rent 

526 

189 

36. 0 

i .80 2 

622 

228 

36.7 

i 76 4 

788 

318 

40 3 

1 71. 1 

839 

286 

34. 1 

1 7.'). 3 

623 

2f‘5 

42.4 

1 80. 0 

567 

215 

37.8 

83 5 

595 ! 

204 1 

34. 2 

76 9 

(‘22 

241 1 

38 8 

. 70. 4 

498 

21- j 

43. 5 

! 7.5,.'. 

660 ■ 

250 1 

37.9 

1 77.9 

545 , 

222 1 

40.7 

! 81.2 

511 ; 


38.6 

1 82. 9 

628 

212 

33.7 

.80. 5 

771 

1 258 

33.4 

78.4 

787 

2:n 

29.4 

82.8 

701 

258 

36 8 

82.0 

580 

165 

28.4 

88,8 

551 1 

t 1 

19() 

1 

35. 5 

78.4 

728 1 

210 

30.0 

77.4 

705 

251 

35.6 

78 9 

015 

219 

35.6 

82 6 

542 

221 

40 8 

82.0 

503 

104 

32 8 

85. 0 


PIG 39-30 


Forel 

Fore 2 

Test 1 

Test 2 

After 1 

After 2 



590 i 

211 

35.8 

77.7 



770 1 

259 

33.6 

74.3 



772 ! 

278 

36 0 

73.4 



668 i 

243 

36 4 

78.7 


536 i 

216 

40.4 j 

79.0 



575 1 

1 

197 

34.3 

1 

82.1 


In Table 2 the data concerning the fecal excretion and the digesti- 
bility of nitrogen are given. In successive 7-day periods the average 
daily weights of dry feces were 202, 241, 259, 251, 218, and 193 gm.; 
the average percentages of dry matter in the feces were 35.0, 34.5, 
37.0, 36.2, 38.5, and 35.8; and the average coefficients of digestibility 
of nita'ogen were 78.7, 75.4, 76.3, 79.3, 82.2, and 83.5. In each series 
of values the last figure is the average of four instead of five pigs. 
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since the last collection of feces for pi^ 6-6 was not analyzed, the cor- 
responding urine collection having been thrown away by mistake. 
The data do not indicate any clearly evident effects of the iodide 
feeding, though they suggest that the weight of dry fec(»s may have 
been somewhat increased and the percentage of moisture somewhat 
decreased in the test periods. 

Table 3. — Nitrogen halancen of the pigs 
1 \11 weiRhts in Kraiiisj 
pm .32-30 


Period 

Intake 

Excreted in— 

Total 

output 

Balance 

Feces 

XVine 

Fore 

'rest . - 

After 

3K 07 
42. K7 
46. 21 
46. 76 
46 76 
! 46. 64 

7.71 
10. 10 
13. 36 
ll.r.3 
0, 33 

7. 72 

17.30 
22 01 
23. CH) 
23 IK 
22. 3S 
21.6.^> 

2,'). 10 
32. 1 1 
36. 36 
:m.71 
. 31 71 

20. 37 

+13 K7 
+10. 76 
+0. S.'i 
+12. 06 
+ir) or. 
+17. 27 


pm 24 3 


Fore 

, _ . ' :46 KO 

K 49 

18.04 

26. 53 

+10. 27 


74 

9.99 

IS. 71 

25 70 

+8.04 

Test. .. . 

39.75 

9. 75 

20. 13 

29.88 

+9.87 


' 44. 17 

9 7H 

23. 30 

33. 08 

+ 11.09 

.\fter 

1 44 17 

8. 29 

22. 75 

31.04 

+ 13. 13 


44. 0,5 

7 r>4 

24. 99 

32. 53 

+JI.:>2 


J*m 0-6 





Fore 

.3K. 07 

7. 60 

11.34 

18.94 

-f 20. 03 


42. 97 

9. 25 

22. 68 

31. 93 

Ml. 0-1 

Tost 

46.21 

7.96 

21.26 

29.22 

+16. 99 


1 46.76 

8.41 

1 21. 43 1 

1 2t». 84 

1 +16.92 

.\ftcr 

1 46.76 1 

I j 

1 5. 26 

[ 13.08 

18 34 

1 +28. 42 

- 

: _ _J 

pm 6 9 



! VM 


i 

Fore 

■ 

j 34. 64 

1 7.49 ' 

1 i 

16.80 

24.29 


+10. 35 


1 3K. 10 

8 62 

i 17.51 

26. 13 

+11.97 

Test 

- - i 41. OH 

1 8. 65 

i 20 28 

28. 93 

•f-12. 15 


, 41. 57 

! 7.23 

21. 15 

28.38 

+13 19 

.\fter . 

' 43.30] 

7.80 

20. 31 

28.11 

+ 15. 19 


1 41. 76 

1 1 

6.02 

19.53 

25. 55 

• 

+16. 21 


pm .39-.30 


38.97 

8,68 

19. 30 

27.98 

+ 10.99 

42.87 

n.oi 

19. 90 

30.91 

+ 11.96 

4a 20 

12.31 

23. 38 

35. 69 

+ 10.51 

46.76 

10.00 

22.08 

32. 08 

+ 14.68 

46.76 

9.81 

2.3. 41 

33. 22 

+ 13.54 

46. 64 

8 36 

19.88 

28.24 

+18. 40 


Fore 

Test 

Afteu. .. 
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Table 4. — Calcium balances of the pigs 
[All weights in granisl 
PIG 32-;M) 




Excreted in— 



Period 

Intake 



Total 

output 

Balance 



Feces 

Urine 



Fore 

A 63 

2.28 

0.06 

2.34 

+3. 29 


6.76 

2. 76 

.07 

2.h;s 

+2. 93 


6.S7 

3.80 

.07 1 

3 . 87 

+2.00 


5.89 

3. 97 

,03 

4.00 

+ 1.89 

After - 

i 5. 89 

4. 10 

.04 

4. 14 

■hi. 75 


6.87 

3.44 

.06 

3.50 

+2. 37 


PIG 24-3 


Fore 

Test 

After 


Fore. 

Test, 

After. 


5. .56 

2 69 

5. 45 

3. 18 

5 65 

3. 45 

5.80 

4. 55 

5. 80 

.3.71 

5.78 

• 3.39 


PIO 6-6 


1 

.1 .5, 63 

1 

2.72 

1 6.76 

3 16 

.1 .5.87 

2.92 1 

.5. 89 

3.52 ! 

5.89 

2 27 1 

J 

1 


0. 13 

2. 82 

1 2.74 

.11 

3. 29 

+ 2 16 

. 10 

3. 55 

+2 10 

.08 

4 63 

+ 1.17 

.07 i 

3.78 

+2. 02 

.05 

3.44 

+2 84 


* f 

] 



0.07 1 

2.79 ! 

' +2.84 

.07 ! 

.3.23 ! 

+2. 53 

.08 1 

3.(K) 1 

+2.87 

.06 1 

3.58 1 

+2. 31 

.04 1 

2.31 ! 

+ 3 58 




PIG 6-9 


— ? ^ 

2.26 

0.06 

2. 32 

43 . 16 

6.60 

2.65 

.06 

2 71 

+2. 89 

Test ; 5.70 

3. 22 

.05 

3. 27 

+2. 43 

5. 71 ; 

3.61 

.03 

3 64 

+2.07 


3.94 

.06 

4.00 

+ 1.77 

5. 75 

2 92 

.05 

2.97 

+2.78 

PIG Sfr^O 






; 2.58 

0. 11 

2.69 

+2.94 

5.76 

3.47 

.15 

3. 62 

+2. 14 


3.92 

.06 

3.98 

+1.89 

! 5.89 i 

3.98 

.06 

4.03 

+ 1.86 


3.69 j 

.07 

3.66 

+2 23 

j 5. 87 

3.45 

.05 

3.50 

+2 37 
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Table 5. — Phosphorus balances of the pigs 


[All weights in grams] 
PIG 32-30 


Period 


Fore. 

Test. 

After 


Fore. 

Test. 

After 


Fore 

Test 

After 



Intake 


7.91 
8.4fi 
8.93 
9.01 
9.01 
9. 12 


PIG 24-3 


7.00 
7. 50 
8.02 
8. 05 
8 65 
8. 75 


PIG 6-4) 


7. 91 
8.40 

8 93 
9.01 

9 01 


Excreted in— 

I'otal 

Balance 

Feces 

Urine 

OUtl)Ut 

3 63 

1 16 

4.79 

+3. 12 

4.27 

1.49 

5. 76 

-f-2. 70 

5.95 

1.31 

7.26 

-hi. 67 

5. 65 

1.27 

6 92 

+2.09 

, 6.84 1 

1 1.58 

8. 42 

+.59 

1 

1.52 

7. 43 

+1.69 


3.35 

1.33 , 

4 68 

+2 92 

3. 92 

1.31 1 

5 ‘23 

+2 33 

4.41 

1 46 : 

5. 87 

+2 15 

5 80 

1 25 1 

• 7.05 

+ 1.60 

5 19 

1.40 

6.59 

+2. 0<» 

4.9f) 

1 

1.86 ' 

1 

6.82 

+ 1. 93 


4.06 

0.94 1 

5.00 

+2.91 

4 81 

1.11 , 

5.92 

+2.54 

4. 74 

, 1 52 i 

6.26 

+2. 67 

6 11 

I .76 i 

6. 87 

+2. 14 

3 83 

1 09 > 

4 92 

+4. 09 

1 1 



PIG 6-9 


Fore 



.. . .1 

7.29 I 

1 

3.40 

1.12 1 

4 52 

+2.77 





7.78 ! 

3.98 

1. 15 

5. 13 

+2. 65 

Test 


... 


8.21 

4 91 

1 44 ' 

6. 35 

+1 86 





8.28 ! 

5.00 

1 13 i 

6. 13 , 

+2 15 

Aftei 




8 52 j 

5,90 

1.28 

7.18 1 

+1 34 





8.62 1 

1 

4. 57 

I 1.30 ; 

5. 87 

+2 75 


PIG 39-30 


Fore . 


! 

7. 91 

3.99 ' 

0 90 

4.89 , 

+3.02 




8 46 

4.94 1 

1 57 

6.51 ; 

+ 1.95 

Tost 



8 93 

5.34 1 

1.40 

6.74 ! 

+2. 19 




9.01 

5.88 1 

1. 35 1 

7.23 1 

+ 1.78 

After 


, 

9.01 

5.51 ! 

1.30 { 

6.81 { 

+2.20 



! 

9. 12 

5.91 ! 

1.41 j 

1 

7. 32 J 

+1.80 
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Table ^.Summary of the average daily retention of nitrogen, calcium, and phos- 

phorus by individual pigs 

NITUOGEN RETENTION IN GRAMS PER DAY 


Pericxl 

Pig 32-30 

Pig 24-3 

PigfV-6 

Pig 6-9 

Pig 39-30 

Average 

Forti - - 

13.87 

10.27 

20.03 

10. 35 

10.99 

13. 10 


10. 76 

8.04 

11.04 

11.97 

11.96 

10. 75 

Test 

0.85 

9.87 

16.99 

12. 15 

lO. 51 

11 87 


12. OH 

, 11 09 j 

1 16. 92 

13. 19 

14.68 

13. .59 

After - 

\H 05 

' 13 13 ! 

28. 42 

1.5. 19 

13.54 

17.07 


17.27 

1 11.52 

1 i 

16, 21 

18.40 

j 15 85 

('AL(UUM RETENTION 

IN GRAMS PER 

DAY 



Fore - 

3.29 

2.74 I 

2 84 

I 3. 16 

1 2.94 1 

.3. 00 


2 93 

2.16 

2 .W 

2.89 

1 2. 14 

2. 53 

Test 

2.00 

2. 10 

2.87 

2 43 

1.89 

2 26 


1.89 

1 17 

2.31 

2. 07 

1 1. 86 

1 86 

After 

1 75 

2.02 , 

3 58 

1 77 

2 23 

2.27 


2.37 

2.34 


2.78 

I 2. 37 

2. 46 


PHOSPHORl’S RETENTION IN GftAMS PER DAY 


Fore - 3 12 

2.92 2.91 1 2 77 

3. 02 1 

2. 95 

1 2 70 

2 33 2 54 ' 2. 65 

1.95 

2 43 

Test 1 1.67 

2 15 2 67 , 1 86 

2. 19 

2. 11 

' 2.09 

' 1 60 2. 14 2 15 

1 78 

1 95 

After - -i ..59 

2. 06 1 09 ' 1 34 

2 20 

2 06 

' 1.69 1 

. 1 

1 93 2 75 

1 80 

2 04 


The complete balance data for nitrogen, calcium, and phosphorus 
are summarized in Tables 3, 4, and 5. The balances (retentions) only 
have been summarized in Table 6. There are no consistent differ- 
ences between the data of the test period and those of the fore and 
after periods with respect to either nitrogen or phosphorus, and hence 
no suspicion that the administration of potassium iodide has affected 
in any way the utilization of thi^se elements. With respect to cal- 
cium there is a suggestion of an adverse effect of potassium iodide, 
particularly if it is permissible to assume that such an effect may ex- 
tend into the first week of the after period. The data for pigs 39-30 
and 24-3 offer the clearest support for this suggestion; those for pigs 
32 30 and 6-9 maA^ also be given the same significance, though with 
less certainty, while the data for pig 6-6 are not clearly amenable to 
the saijie interpretation. 

• The experiment affords no support for Kelly’s conclusion that 
potassium iodide administration favorably influences the metabolism 
of the pig. 

SUMMARY 

In metabolism experiments upon five pigs, in which potassium 
iodide was administered for 14 days in doses of 0.248 gm., and in 
which 14-day control periods preceded and followed this regime, 
there was no evidence that the utilization of either nitrogen, calcium, 
or phosphorus was favorably affected. There was some indication 
that the retention of calcium was adversely affected. No effect of the 
iodide administration on the rate of growth of the pigs was evident. 
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VARIATIONS IN CONTENT OF SUGARS AND RELATED 
SUBSTANCES IN OLIVES' 


By P. F. Nichols 

Assocdate in Fruit FroductR^ Division of Viticulture and Fruit Products, California 
Agricultural Experiment Station 

INTRODUCTION 

In connection with a study of the composition of California olives 
it was found necessary to know something of the nature and amounts 
of the sugars and to select suitable methods for their determination. 
The fruit of olives of 17 varieties grown in California was therefore 
examined for the purpose of ascertaining { I ) the amount and nature 
of the reducing substances in the flesh, and (2) the relation of these 
substances to the maturity and variety of the fruit. 

REVIEW OF THE LITERATURE 

Few references to the amount or nature of the sugars in olives 
appear in the literature. Power and Tutin,^ studying the alcoholic 
extrac't of dried olive bark and leaves, reported the presence of sugar 
yielding rf-phenylglucosazonc. Bourquelot and Vintilesco ^ reported 
the presence in olive flesh of a phenolic compound causing Fefiling^s 
solution to indicate more than the actual amount of sugar. Scurti 
and Tommasi ^ in an attempt to explain the formation of oil in olives 
found no notable quantities of carbohydrates. 

MATERIAL STUDIED 

The varieties studied ina}'^ be divided into throe groups: (1) 
Varieties well established in California; Mission, Manzanillo, Sevil- 
lano, and Ascolaiio. These varieties are grown primarily for pickling 
and only the Mission is used for oil making. (2) Several varieties less 
widely grown — the Barouni, Columbella, Lucca, Nevadillo, Picholine, 
and Uvaria. (3) Varieties but recently introduced® into Cali- 
fornia— the Bidh el Hanimain, C^’hernlali, C^hitoni, P, 1. (L 27172, 
Saiali Magloub, Salome, and S. F. I. 27173. 

The relation between composition and maturity w as studied in the 
Ascolano, Columbella, Manzanillo, Mission, Nevadillo, mid Uvaria. 
In each of these varieties a series of samples was obtained 'from a 
single tree except in two instances where fruit was no longer available 
on the selected tree, and final samples were taken from neighboring 


1 Received for publication July 24, 1929; issued June, 1930. 

* Power, F. and Turn, F. the constituents op ouvk leaves. Jour. Cheui. Soc. [London] 
93: 891-4)04. 1908. 

— and Tutin, F. the constituents of olive bark. Jour. Chem Soc [London] 93. 904-917. 1908. 

* Bourquelot, E., and Vintilesco, J. hur l'oleurop£ine, nouveau piuncipe de nature qluco- 

siPiQUE BETiRfi DK 'L’ouviEB (OLKA EUROP ASA L.). Compt. Rend. Acad Sci. [Paris] 147: 633--5;i5 1908 

* Scurti, F., and .Tommasi, G. sulla formazioke pel orasso nbi frutti oleaoinosi, [formation 
OF PAT IN oleaginous FRUITS (OLiVEs)]. Ann. R. Stai. Chim. Agr. Swr. Roma (II) 4. 253-286. 1910. 
[Abstract in Jour, Soc. Cbera. Indus. 30. 1021. 1911. [Original not seen.M 

* The Chico, Calif., Plant Introduction Garden of the Bureau of Plant Industry, United States Depart- 
ment of Agriculture kindly cooperated by furnishing these varieties. 
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trees. In all cases an effort was made to minimize sampling errors 
by picking approximately half of each sample from opposite sides 
of the tree, and by picking all the fruit on the branches or twigs 
chosen at each sampling. The picking dates, at somewhat irregular 
intervals, ranged from October 1, 1927, to February 13, 1928, accord- 
ing to the maturing habits of the variety and the lateness at which 
sufficient fruit remained on the trees. In most instances the first 
piching was made when the fruit had reached about three-fourths its 
full size, was distinctly immature for pickling and of low oil content, 
and the last picking when it was rapidly falling from the trees, 
past its prime for oil making. 

METHODS OF ANALYSIS 

AMOUNTS OF SUGAR 

The sugars were extracted from ground samples of the flesh by 
boiling with distilled water in a 500 c. c. volumetric flask for approxi- 
mately 30 minutes, making up nearly to the mark, allowing to stand 
overnight, and then filling up to the mark. The decoction was then 
thoroughly shaken and strained through dry cheesecloth, and portions 
of the filtrate were set aside for clarification. Determinations of the 
amounts of sugars present were made by the picric-acid reduction 
metliod of Thomas and Dutcher.® Reducing sugars present both 
before and after hydrolysis were reported as dextrose in all cases, 
and regarded as simple and total sugars, respe(‘tively. 

NATURE OF THE REDUCING SUBSTANCES 

On a few samples dry basic lead acetate, subsequently removed by 
sodium oxalate, wa^ compared as a clarifying agent with mercuric 
nitrate, removed by sodium bicarbonate and powdered zinc. The 
nature of the reducing substances present was further studied in a 
few samples by adding one-fifth of a commercial compressed yeast 
cake to a 50 (‘. c. portion of the filtrate prepared as previously de- 
scribed and brought to 37® C. The sample was thoroughly stirred to 
break up the yeast cake and then incubated for 20 minutes at 37° F., 
being shaken at 5-minute intervals. It was then clarified and exam- 
ined in the usual way. 


EXPERIMENTAL DATA 

‘ CLARIFICATION 

Basic lead acetate was found to leave a distinctly greater reducing 
power in the water extract than did mercuric nitrate, as shown in 
Table 1. Not only were the percentages of reducing substances, both 
before and after hydrolysis, greater when lead was used, but the in- 
crease on hydrolysis by picric acid was also always greater. This 
would indicate either tnat the mercury removed some sucrose or that 
the lead failed to remove nonsugar substances, of which hydrolysis 
by picric acid produced or increased the reducing power. From the 

• Thouar, W., and Dutchkr, R. A. the coloeimstric hstermination of carbohydrates in piants 
BY raEJICWCACID I. THE K8TIMAT10N OF KEDCCINO BUOARS AND SUCROBE. JOUF. 
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results obtained from yeast treatment it is assumed that the lead 
failed to remove compietely all the nonsugar substances that had 
reducing power cither before or after hydrolysis. 


Table \ --Comparison of basic lead acetate and mercuric nitrate as clarifying 
agents in the determination of sugars in olives 

[Hedueing substances and sucrose reported us dextrose] 



1 


Jleduc- 

Reduc* 


Variety 

Dale ' 
picked 


mg sub* 

mg sub* 


('larlfying agent 

stances 

stances 

Hucro ;e 


before hy* 

after hy- 





drolysis 

drolysis 



1927 i 

! cent 

Per cent 

Per cent 



[Ivead 

A. 00 

6. 92 

1.92 

Ascolano 

Oct 4 

(Mercury 

4 «2 

5. 42 

.80 



1 Difference 


l.-W 



i 

( Lead ... 

3 4fi 

4.34 

.88 

(^)liiiiihenii 

Oct. 1 ; 

(Mercury.. , 

1.58 

1 70 

.12 


i 

1 Difference 

1 88 

2.64 




i 



4. 52 

5 18 

6fi 

Manznnilln 

..do 

[Mercury. 

2 04 

2 28 

.24 



1 Difference 

2 48 

2.90 




( Lead. 

4 20 

4.88 

.68 

Mission No 1 

.do .... 

(Mercury 

1 88 

2 16 

.28 



1 Different'e 

. 2 32 

2. 72 


Mission No . 

Oct 4 

fl^ad.. ... 

Mercury . 

t\ 40 
4. 92 

9 20 
5. 62 

2.80 

.70 




1 Difference. . . 

1 48 

3 58 









(Lead,. . 

4. 42 

5 48 

1.06 

Do 

No\ , 1 

Mercury. 

3 42 

4 02 

.60 



Difference . . 

1 00 

1.46 

-- . - 



(Lead . . 

4,14 

5.02 

.88 

Netadillo No 1 

Oct 1 

1 Mercury.. 

1.62 

2.02 

.40 



[ Difference... 

2 52 

3.00 


Sevillano No 2 

Oct. 4 

Lead .... 

Mercur\ . 

6 32 
5.54 

8.00 

6 90 

1.68 
1 36 




Difference 

.78 

1. 10 





1 

Lead . 

2.98 

6702 

3 04 

Uvarla 

Oct. 1 

Mercury.. . 

1.04 

1 20 

. 16 



Difference 

1 94 

4.72 





• 

. 


YEAST TREATMENT 

The yeast treatment was given to six olive samples, to a 0.4 per cent 
dextrose solution, and to distilled water, none of which had reducing 
power after clarification with mercuric nitrate. Three portions of one 
sample were clarified in three ways, namely, one with mercuric, nitrate, 
one with basic lead acetate, and one with yeast followed by basic lead 
acetate. The results obtained are given in Table 2. 
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Table 2. — Reducing substances remaining in an extract from olives after fermenta- 
Hon with yeast, and after clarification with different defecating agents 


[KAducing substances reported as dextrose] 


Treatment 


Clarified with mercuric nitrate . 

CJurified with basic lead acetate 

Treated with yeast, then clarified with basic lead acetate. 



Reducing substances--- 


Before 

After 


hydrolysis 

hydrolysis 

1 

Per cent 

Per cent 

...j 

1 58 

1.70 


3. 46 

4. 34 

2.42 1 

3. 02 


It is apparent from Tables 1 and 2 that clarification by basic lead 
acetate for the determination of sugars in olives by the picric-acid 
method appears unsatisfactory. On the other hand, reducing sub- 
stances and substances having reducing power after hydrolysis that 
are left in the extract by mercuric nitrate appear to be limited to 
fermentable sugars. Mercuric nitrate was therefore used in the 
routine determinations of simple and total reducing substances. In 
the remainder of this paper the substances so determined will be con- 
sidered as sugars. 

RATIO OF SIMPLE TO TOTAL SUGARS 

The ratios of simple to total sugars, expressed as dextrose, deter- 
mined in several sots of samples representing the extremes of maturity 
studied are given in Table 3. The early-season moan ratio is ().8G, 
ranging from 0.80 to 0.89. The late-season mean ratio is 0.77, rang- 
ing from 0.67 to 0.94. Excluding the two samples not from the trees 
originally selected, the late-season mean ratio is 0.74, ranging from 
0.71 to 0.77. The irregularity of the values obtained from samples 
not from the tree originally selected as shown in Table 3 and also in 
Table 4 indicate that the sampling error was probably large. From 
the ratios given it appears that the amounts of sugars principally or 
entirely sucrose, hydrolyzed by heating witl^ picric acid, constitute 
usually from 15 to 25 per cent of the total reducing substances. 

Table 3. — Ratio of simple to total sugars in olives 
Variety 

: & 

C 

Ascolano 

Manzanillo 

Mission No. 1 

Mission No. 3 


Nevadillo. 


o Fruit not from tree originally selected. 


Date picked 


fOct. 4, 1927... 
i\Jan. 3, 1928.... 
If Oct. 1, 1927... 
llB^eb. 13, 1928,. 
I/Oot. 1, 1927.... 
\Feb. 13, 1928 «. 
(Oct 4, 1927... 
mov. 1, 1927. . 
iJan. 2. 1928... 
fOct. 1, 1927... 
\Feb. 13, 1928 «. 


Ratio 


0.85 

.77 

.89 

.76 

.87 

.67 

.88 

.73 

.71 

.80 

.94 


MATURITY AND SUGAR CONTENT 

Only the total sugars were considered in comparing different stages 
of maturity and different varieties. In Table 4 are shown the per- 
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centages of total sugars in six varieties of olives picked on the dates 
indicated. In addition to the figures as determined on the fresh 
basis there are given the corresponding figures after calculation to the 
dry basis. 

Table 4. — Total svgars°^ in olives during ripening 


A^ariety 


Bate picked 


Total sugars on— 




Grams 
per 100 
grams 
pits 
(fresh 
basis) 


Ascolauo - . 

('olum holla 

Man/anillo 

Mission No. 1 

Mission No. 3 

Novadillo No. 1 

Uvaiia 



Per cent ! 

Pn cent 


fOft. 4, 1927 

5 42 1 

16 9 

36 2 

Nov. 1, 1927 »> ; 

2 28 

8 8 

17 6 

1 Nov. lb, 1927.. 

.'i 64 1 

21 2 

54 8 

.Ian. 3, 1928 

.') 06 

10 5 

30,5 

Oct 1, 1927 .... 

1 70 

0 0 

5 1 

JNov. 5, 1927 1 

2 70 

n.o 

8 4 

Dec. 13, 1927 ... 

3 2^ 

12 7 

12 4 

Oct. 1, 1927 . . 

2 28 

S 5 

11 2 

, Nov. 5, 1927. 

2 08 

, 10 2 

11 5 

1 Dec. 13, 1927 

4 22 

13 5 

18 7 

Feb. 13, 1928... - 

2 68 

- 7. J 

10 6 

'fOct. 1, 1927- 

2. 16 

' 6. 5 

.5.4 

:JNov. 6, 1927... . 

1 2. 70 

8 0 

10.0 

Dec. 13, 1927 

; 3 82 

10 0 

10.4 

Feb. 13, 1928 «•.. 

I 3 .56 

6 7 

0.3 

1 Oct. 4, 1927 - 

! 6 62 

15 4 

15 2 

1 Nov. 1. 1927 . 

1 4 02 

12.1 

14 7 

1 U an. 3, 1928 

I 4.66 

9.3 

11 5 

IfOet. 1, 1927 

! 2 02 

5 2 

8. 9 

I Nov. 5, 1927 

3 02 

7 6 

14 4 

;lDec. 13, 1927 

2 68 

7 0 

12 8 

1 Feb. 13, 1928 ^ 

• 96 

1 9 

4.0 

1 Oct. 1, 1927 1 

1 20 

5 0 

1 6 

|wNov. 5, 1927 i 

2 25 

10. 2 

3 6 

l>ec. 13, 1927 

2 30 

0.7 

3.0 


« Reported as dextrose 

'• .Not ron'«KlerfSd in moan, l^ables 5 and 6. 

« Not from tiee oiiginally selected. 


The trend, especially in the figures on the dry basis, is for the sugp 
content to increase in October and November, and to decrease in 
December and eTanuary. 

Previous investigations ^ having shown that through the range of 
maturity studied the average pit weight remains constant, the figures 
were also calculated in terms of gi'ams of sugars per 100 g. of pits in 
order to indicate the absolute amounts present. Since this eliminates 
the distortion of percentage resulting from coincident marked changes 
in the oil content of the flesh, the quantitative variations are di^T^rent, 
but the direction of the trend is the same. 

Variations apparently resulting from varietal differences in maturing 
time have been adjusted in Figure 1 by shifting some of the curves 
horizontally to bring the maximum values observed to a common 
vertical axis. The means of the values grouped according to vertical 
axes were used as a basis for the smoothed curves. 

VARIETY AND SUGAR CONTENT 

In view of the relationship which appeared to exist between matur- 
ity and sugar content, the varieties were compared with respect to 

7 Nichols, P. F. recknt invkstioations on olive on.. Ann. Tech. Conf. Calif. Olive Assoc. (San 
Francisco) Proc. 6: 73-«4. 1927. 
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sugar content in earlj^ season, in late season^ and for the entire season. 
In Table 5, the relative positions of the varieties are arranged accord- 
ing to mean sugar content on the fresh basis for the entire season. 
It will be noted, however, that the positions of varieties differ slightly 




Fjouee 1.— -a, Total .sugars in olives during ripening, expressed as per cent on a dry basis. Maxi- 
mum values adjusted to same vertical axis. Mean values indicated by circles and heavy 
curved line. B, Total sugars in olives during ripening, exprassed as grams i»er hundred grams 
of pits. Maximum values adjusted to same vertical axis. Moan values indicated by circles 
and heavy curved line 


from that order in the early and late seasons. The same is true in 
Table 6, in which the varieties are similarly arranged with respect to 
mean sugar content calculated on the dry basis. In almost all cases, 
however, the relative position remains approximately the same . 
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Table 5. — Total sugars in olives of different varieties expressed in percentage on a 
fresh basiSf in the early^ late^ and entire season 



Mean 

sugar 

content 

tor 

entire 

Early season, Oc- 

Late season, De- 
cern her- February 

1 Mean 

Variety , 

tober-N 

ovember 

Mean 


season 

Samples 

Sugar 

content 

Samples 

Sugar 

content 


Per cent 

Number 

Per cent 

Number 

Per cent 

Ascolano 

5. M 

2 

5 48 

1 

5. 66 

P. I. G. 27172 

4.89 



2 

4 89 

Barouni „ 

4,59 

1 

3. 5(1 

4 

4.84 

Sevillano 

4 09 

3 

4 87 

2 

2.92 

Mission 

3 68 

4 

3 62 

4 

3. 74 

Chitoni 

3. 57 : 

1 

3.22 

2 

3 75 

Manzanillo . 

2.9f» 1 

1 2 

2 48 1 

2 

3 45 

('hemlall.-_ 

2.72 

! 1 

2.1.5 

2 

1 

3.00 

C’olumbella - .. . ... . 

2. 55 

2 

2 20 i 

3.25 

Nevadillo—. . 

2. 55 

3 

1 2. 67 ; 

4 

2 46 

Bidh el Ham mam,.. . 

2 39 

1 

2.04 

2 

2. 56 

Saiali Magloub.. , _ 

2 Ofi 

1 

1.48 

2 

2. 35 

I'varia . ,, 

1 92 

2 

1.72 i 

1 

2. 30 

S. P. 1. 27173 ... 

1 54 , 

1 

1 54 



Lucca . . . .. 

1.52! 

1 

1 52 1 



Picholine.. 

1 16 



"'"'ll 

1. 16 

Salome... ... ..... 

1. 14 

r 

- i.uj 




Table 6. — Total sugars in olwes of different varieties expressed in percentage on a 
dry basis, in the early, late, and entire season 


Variety 


As<M>lano 

Sevillano 

Barouni 

P. 1. (1. 27172 

t’olumbella 

Manzanillo 

Mission 

Dhitoni 

Uvaria 

Bidh el naratnani... 

Chemlali 

Nevadillo 

Haiali Magloub 

8. P. I. 27173 

Lucca 

Salome 

Picholine 


! 


Mean 

sugar 

content 

for 

entire 

season 

Early season, ()c- 
tober-Novembei 

, Late seawson, De- 
! cember February 

Samples 

Mean 

Sugar 

Samples 

1 

1 Mean 

1 Sugar 



content 


content 

Per cent 

Number 

Per cent 

Number 

' Percent 

18.2 

2 

19.0 

1 

16, 5 

16.8 

3 

21.1 

2 

1 10.4 

13.3 

1 

U.2 

4 

1 12 8 

10.6 

. 

' 

2 

1 10. 6 

10.1 

2 

8.8 , 

1 

1 12. 7 

9.8 

2 1 

9.4 * 

2 

1 10.3 

9.5 

4 

10.6 

4 

1 8.4 

9.0 

1 

8 2 ' 

2 

I 9 0 

7.3 

2 

7.6 

1 

1 6,7 

7.2 

1 i 

6.6 

2 

1 7-4 

7.0 

1 

6.3 

2 

1 7 4 

6 5 

3 

10. 2 ' 

4 

; 6.2 

6 0 

1 

4.7 

2 

6.6 

5.3 

1 

5. 3 

. 


5.3 

1 

5. 3 





4.4 

3.0 


4.4 1 

i'j 




In view of the wide and inconsistent variations shown in Table 4 
these means can not be used for close comparisons of varieties. In a 
relative way, however, the varieties may be divided into three groups 
with respect to su^ar content; Ascolano, P. I. G. 27172, Barouni, 
and Sevillano, which were high; Mission, Chitoni, Manzanillo, 
Chemlali, Columbella, Nevadillo, Bidh el Hammam, Saiali Magloub, 
and Uvaria, which were medium; and S. P. I. 27173, Lucca, Picholine, 
and Salome, which were low. 



96 


Journal of Agricultural Research 


Vol.4nNo.l 


SUMMARY 

Basic lead acetate was found to be unsatisfactory as a clarify^ing 
agent, and to give too high results in the picric acid determination of 
redu(‘ing sugars and sucrose in the water extract of olive flesh. 

Reducing substances before and after hydrolysis, remaining in the 
water extract after clarification by mercuric nitrate were found to be 
removable by a short treatment with yeast and are believed to be 
sugars. 

The eaiiy-season mean ratio of simple to total sugars, expressed 
as dextrose, usually declined as the season progressed. 

The total sugar percentage on the dry basis and in absolute amounts 
was found to increase in early season and to decrease in late season. 

Of the varieties studied Ascolano, P. I. G. 27172, Barouni, and 
Sevillano were high in sugar content; S. P. I. 27173, Lucca, Picholine, 
and Salome were low; and the Mission, Chitoni, Manzanillo, Chem- 
lali, Columbella, Nevadillo, Bidh cl Hammam, Saiali Magloub, and 
Uvaria wore intermediate. 
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EFFECT OF RYE AND VETCH GREEN MANURES ON THE 
MICROFLORA, NITRATES, AND HYDROGEN-ION CON- 
CENTRATION OF TWO ACID AND NEUTRALIZED SOILS' 

By Nathan R. Smith, Senior Bacieriologist, and Harry Humpeld, 

Bacteriologist^ Soil Investigations ^ Bureau of Chemistry and Soils, United States 
Department of Agriculture - 

INTRODUCTION 

The depletio/i of the organic matter and available plant food in soil 
through certain systems of farming has created a great interest in 
methods of increasing or even maintaining the fertility of cultivated 
soils. Animal manure seems to be one of the most effective materials, 
and its use has always been recommended. However, in this age of 
motorized transportation manure in large quantities is often difficult 
to obtain. Aside from the use of animal manuie the principal means 
of augmenting the organic matter in soil is through the use of the 
so-called green manures. Much work on this subject has been done 
both in this countiy and abroad. Most of the literature { 33 ) ^ deals 
with the effect of green manuring upon succeeding crops, the humus 
content, water-holding (*ai)acity, and nitrate content of the soil; 
the relative rate of decomposition of various plants or parts of plants; 
the availability of the nitrogen in those plants; or the decomposition 
of phuits of different ages. 

Microbiological studies of green manuring, excluding its influence 
upon nitrification, have not been very numerous or very thorough. 
Plate counts of soil microorganisms were often made several weeks 
after the application of the green manure, or the green matuire was 
dried, ground up, thoroughly mixed with the soil, and incubated in 
small containers. For these reasons there seemed to be a need for 
closely controlled experiments on the microbiology of decomposing 
green manures in neutral soils and also in the acid and alkaline soils 
as found in many of the agricultural districts of the country. Such 
studies could not be carried out in the field, as they would be subject 
to climatic variations of temperature and moisture. The alternative 
seemed to be to transport large quantities of field soil into greenhouses, 
where those twe^ variables might be controlled. One might sat'^ijfelt 
nowhere in field practice would one find these optimum conditions 
for any great length of time. This is quite true. However, if what 
happens under optimum conditions is known it might be of assistance 
in interpreting results obtained under the variable conditions existing 
in field experimentations. 

> Received for publication Dec. 31, 192ft; issued July, 1930. 

* The authors wish to express their appreication to CTharles Thom, principal mycoloRist, for his suRges- 
tions and Ipterest in the work, and to Daniel Ready, assistant scientific aid, for the nitrate and moisture 
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Since a great many of the eastern soils are naturaUy acid, it was 
elected to study the decomposition of green manures in two of these 
soils which are located fairly close to Washington, D. C., and upon 
which considerable agronomic and chemical experimental work had 
been done both by the Maryland Agricultural Experiment Station 
and the United States Department of Agriculture. The work was 
begun in the fall of 1927 and finished in the fall of 1928. . 

MATERIALS AND METHODS 

SOILS AND MANURES 

The two acid soils selected were of divergent physical character. 
The fine-textured soil, a Leonardtown clay loam with a pH value of 4.0, 
was obtained from an uncultivated area on the experimental tract of 
the Maryland Agricultural Experiment Station located about 3 
miles from Leonardtown, Md. The coarser textured soil, a Col- 
lington fine sandy loam with a pH value of 5.2, was obtained from an 
uncultivated area on the experimental tract of the United States 
Department of Agriculture near Upper Marlboro, Md. 

A sufficient amoont of each soil was secured to fill two benches in 
a greenhouse on the Arlington Experiment Farm, Rosslyn, Va. 
Each bench was divided into 14 sections 3 feel square. Each section 
had a waterproof cement bottom provided with a drain and wooden 
sides 12 inches high. The soil after thorough mixing was placed in 
the sections to a depth of 10 inches and watered with distilled water. 
It was then kept at the optimum moisture content throughout the 
experiments. 

Sufficient finely ground limestone (100 mesh) was thoroughly 
mixed with the soil in the even-numbered plots in each series to bring 
the soil to approximately a neutral reaction. This required a rate 
of 5 tons per acre for the Ijconardtown clay loam and 2.5 tons per acre 
for the Collington fine sandy loam. (I'ablo 10.) Analysis of the 
limestone showed an equivalent of 91 per cent CaCOa. 

The first experiment consisted in turning under green rye as a green 
manure on a limed and an unlimed plot of each soil. The rye grown 
on a separate plot in the greenhouse to a height of 1 5 inches was pulled 
up by the roots, washed free from soil, and turned under in a layer 
about 5 inches below the surface of the soil. The rye was therefore 
in a succulent condition, consisting largely of leafy material. Each 
plot received 2,200 gm. of green rye, a rate of 23,476 pounds per acre*. 
The-jyy-dry weight of the rye was 25 per cent of the green weight and 
tlie nitrogen content was 3.33 per cent. The rate of application was 
therefore 5,869 pounds of dry materia], containing approximately 200 
pounds of nitrogen per acre. 

Soil samples consisted of a number of cores of soil taken with a 
sampling tube IJi inches in diameter to a depth of 6 inches. Samples 
were taken just before the green material was turned under and 
subsequently 2, 4, 7, 14, 21, 35, 56, 84, and 119 days after it was 
turned under. Plate counts of total number of microorganisms, 
fungi, actinomycetes, and determinations of moisture, of nitrates, and 
of soil reaction were made of each sample. 

In the second experiment vetch was substituted for rye as a green 
mahure on some additional plots of the two soils. It was applied in 
the same manner as the rye, at the rate of 5,000 gm. of green material^ 
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per plot, equivalent to an application of 53,355 pounds per acre. The 
dry weight of the vetch was 27 per cent of the weight of the green 
material and the nitrogen content was 2.5 per cent. This is equivalent 
to an application of 14,400 pounds of air-dry vetch and 300 ])ounds of 
nitrogen per acre. 

Analyses were made as in the first experiment, samples being taken 
in a similar manner 0, 2, 4, 7, 14, 21, 35, and 50 days after the green 
manure w^as turned under. 

The treatment of the plots may be summarized as follow^s: 


I Treatment 

5 i (’onlrol. 

I Limestone oiil.v 

7 ! Vetch HI eon manure 

8 I Velcli jtreen nuinuie and limestone 

i 

In ordei* to confirm the results obtained on the first two cxyieriments, 
the green-manure treatments w^ere duplicated on the same plots in the 
fall of 1028, the yilots having been kept fallow^ all summer at optimum 
moisture content. Both the rye and the vetch in this experiment 
were grown on plots equal in size to those treated, but were located 
in another bench. The amount of green manure applied, therefore, 
wuis determined by the yield of rye or vetch produ(*ed on these other 
plots. The amounts applied are showui in Table 1. 


^ j Treatment 

I 

1 i Control 

2 i Limestone onl> 

A \ Jlye green manuie 
4 I Rye green inauuie and limestone. 


Tablk 1 ' Amount of green manure and tin nitrogen equivalent applied to two 

and Hoiifi 


Collmgtou fine sand.\ loam 


Leonaidtown day loam 


ridt j 

(riecn manure 

No 1 

i 

1 

3 

Rye 

4 

Rye « . . , . 

7 

Vetch 

8 

Vetch - 

“ Limed duplicate 


I i EquiV- ! 

i Ktjuiv- 1 aleni 

Oieeu ' alent ' <li> 

weight di y 1 weigtit 

, weight ' iier 

1 i acre i 


Nitro- 

gen 


Ora nut Oramn 1 Pounds Per cent' 


2, i.'iO 
2,rMi ' 
L«70 . 
2,050 ! 


704 

800 

554 

080 


8, 145 

I 

.M«H) 1 
7,250 I 


LtW 

1 93 

2 04 
2.(H 




j 

Kquiv- 



Nitio- 


Eouiv- 

aletit 


Nitro- 

geu ' 

( Jieen 

alent 

dry I 

i Nitro- ! 

gen 

I>ei 

weight 

<lry 

I weight ! 

gen 

Iier 

acie j 


eight 

1 iier 

1 

1 acre 

! 

- ! 



acre 

1 

j . 

1 

Pounds 

Grams 

Grams 

i ■ 

Pou nds 

\Per cent 

1 Pounds 

157 ; 

1. 020 

318 

3, 390 

1 93 

65 


1,430 

440 

4, 750 

1. 93 

92 

120 1 

1. 140 

378 

4,000 

2 04 

82 

HSj 

1,470 

488 

5, 200 

2 04 

108 




__ 

- 






Soil samples w’ere taken 0, 2, 4, 7, 14, 21, 28, 42, and 03 davs after 
the |j:reen manure was turned under, and analyses were made as in 
the first experiment. 

Conditions in the greenhouse with the higher temperature and opti- 
mum moisture are quite difi'erent from those in the field. For this 
reason it seemed advisable to include a field test along with the first 
experiment. In this test both rye and vetch w^ere used as green ma- 
nures. The vetch was from the same lot as that used in the greenhouse 
and was applied at the same rate. The air-dry weight of the rye used 
was 20.7 per cent of the green weight and the nitrogen contained was 
2.39 per cent. This application was equivalent to 4,860 pounds of 
dry matter and 116 pounds of nitrogen per acre. The smount of 
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nitrogen added in this case was considerably lower than that added 
in the vetch or that in the rye of the first greenhouse experiments. 
Treatments were as follows: 


Plot No. j 

Treatment 

1 

Plot No. 

Treatment 





1 

Rye green manure. 

3 

Vetph green manure. 

2 

(’‘ontrol 

i 



The soil in this field experiment was similar in texture to the 
Leonardtown soil. The pH value was 5.5. 

PLATING METHODS 

As soon as the soil samples arrived in the laboratory they were put 
through a lO-mesh sieve and thoroughly mixed. Aliquots were then 
weighed out for determination of the microflora, nitric nitrogen, and 
moisture. 

Dilutions of the soil samples for plating were made in tlie following 
manner. To 20 gm. of soil in a sterile mortar enough sterile tap whaler 
was added from the dihition flask to make a thin paste. After triturat- 
ing until the paste was smooth the remainder of the 500 ml. of sterile 
water vras added, mixed thoroughly, and poured back into the dilution 
flask. This flask was then stoppered and shaken several times oyer 
a x)eriod of 10 to 15 minutes. Higher dilutions were made by adding 
10 ml. to 90 ml. sterile tap w^ater, the final dilution being J to 2,500,000. 
For the total plate counts, 5 ml. of this dilution were pipetted into each 
of 10 Petri dishes, 120 by 15 mm. In cases where the number of 
colonies developing on the plate exceeded 200, only 2.5 ml. were used. 
The actual dilutions wf re therefore 1 to 500,000 and 1 to 1,000,000, 
respectively. For the counts of the actinoinycetes, 1 ml. of the 1 
to 250,000 dilution was pipetted into each of 10 plates, and for the 
fungi counts, 5 ml. of the I to 25,000 dilution. 

The medium used in pouring the plates for the total counts was 
soil-extract agar, which has been shown to favor the growth of a greater 
number of soil bacteria than any oth'^f commonly used medium (35). 
The composition of the soil-extract medium is as follows: Soil extract, 
1,000 ml.; K2HPO4, 0.5 gm.; and agar, 10 gm. If not pH (>,8, 
reaction should be adjusted to this. The soil extract is made by auto- 
claving 1,500 gm, of air-dry field soil of ordinary fertility with 4.5 
liter^,g,f tap water for one-half hour and filtering clear through paper. 
TSltr final volume of soil extract is approximately twice the original 
amount of soil. Large quantities may be prepared, put into large 
flasks, and sterilized for future use. 

The plates for the total counts were incubated for three weeks at 
28® C. The results, given are the average of 10 plates, the number of 
organisms per gram of soil being calculated by multiplying the average 
number per plate by the dilution and correcting the result for the mois- 
ture content at the time of sampling. 

The medium used in pouring the plates for the actinomycetes con- 
sisted of soil extract to which was added 0.1 per cent K2HPO4, 0.1 per 
cent NaNOs, 1 pe>r cent glycerin, and 1 per cent agar. The reaction 
was adjusted to pH 6.8. The incubation period for the plates was 10 
days at 28® C. 
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For tho estimation of the fungi an acid medium of the following 
composition was used: Soil extract, 1,000 ml.; KH 2 PO 4 , 1 gm.; NaNOs, 
1 gm.; agar, 25 em., and dextrose, 10 grn. The dextrose is added 
after melting and the reaction adjusted to pH 4.2 by adding equal 
quantities of N HCl and N 02804 . This usually requires about 1 
ml. of each. Care in sterilizing this highly acid medium must be 
exercised or the agar will be broken down. It has been found safe 
both as regards the solidifying power and the sterility of the medium 
to autoclave at 12 pounds pressure for 12 minutes provided the medium 
is in a w^ater bath during the heating. The plates were incubated for 
three days at 28° C. 


LITERATURE REVIEW 

The literature dealing with the effects upon the numbers of bacteria 
of neutralizing the soil acidity with limestone or other forms of lime 
is quite voluminous. While no attempt will be made in this paper to 
cover it, it may be advisable to review^ briefly some of the w-ork along 
this line. 

Chester (15), Fabricius and Von Feilitzen (/^), and Fischer {19) 
were among the first to no 1 e that lime increased the number of bacteria. 
Brown (iO, 11) found that lime increased the plate counts of soil 
in pots in the greenhouses and also those of field soils. Beckwith, 
Vass, and Robinson ( 6 *) studied the effect of lime on soils of varying 
reaction and found that lime increased the number of bacteria only 
in the acid soils. In one acid soil high in organic inatter, while in- 
creasing the number of bacteria, lime decreased the number of molds. 

Bear (5), applying various amounts of (''aCO^ to soil, reported 
increases in the number of bacteria up to the heaviest a})plication 
(40,000 pounds) 12 weeks after treatment. Fulmer {^1) found that 
calcium carbonate, magnesium carbonate, and limestone increased the 
bacteria in two acid soils, magnesium carbonate producing the greatest 
effect. Noyes and Connor {SO) found that calcium carbonate increased 
the bacterial contents of 5 typical acid soils 10 months after application 
in the greenhouse and that the increase was due to aerobic bacteria. 

Waksman {38) found that lime added to an acid sandy loam not 
very rich in organic matter increased the bacteria and actinomyc.etes 
and decreased the fungi. 

Barnette (4) used limestone and other forms of calcium and found 
a rapid increase in total plate counts for two weeks, which w as followed 
by a decrease to nearly a constant level at four wrecks. ChatH^rjee 
{ 14 ) also reported an increase in total counts due to liming. 

The effect of turning under green manures upon the total number 
of microorganisms has been studied to a less extent. Kngberding 
{17) added both green rye and vetch to soil and found that the plate 
counts of the microorganisms had increased at the end of 7 weeks 
from 17,000,000 to 100 , 000,000 with the rye and to 80,000,000 with 
the vetch. After 10 weeks they had dropped tp 78,000,000 and 
60,000,000, respectively, and the checks had increaletj to 30,000,000. 
Brown {12)^ on the other hand, reported that green manuring with 
rye, cowpeas, and clover did not always increase the number of 
bacteria in field soil. This may have been partly due to the low 
moisture content of the soil. In a 2 -year rotation {IS), turning under 
rye increased the plate counts over those of the regular rotations. 
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Briscoe and Harned (7, 8)^ using green alfalfa, oats, and cowpeas 
for green manure, found a direct rdationship between the total plate 
counts of soil microorganisms and the amount of organic matter added. 
How long the materials were allowed to decompose before the samples 
were taken was not stated. Furthermore, different kinds of plating 
media were used during the experiments. 

Hill {23) obtained a great increase in the number of bacteria in 
various soils treated with bluegrass, clover, and alfalfa green manures. 
Clover, especially, increased the numbers at four weeks, the numbers 
decreasing after that. 

Baldwin and Smith (3) applied green rye at the rate of 12 tons per 
acre and found after one month an increase in the number of bacteria 
growing upon beef agar. After three months the treated soil contained 
approximately the same number as the controls. 

Martin {27) added rye, oats, and buckwheat as green manure and 
allowed it to decompose 12 months before sampling. Realizing 
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Fkjt^rk 1 ' Conipai Ison of kilal nlata counts (A) un<l nitrate nitrogen (B) in Collington fine sandy 
loam as affected by different treatments; rye green-nuimire series 

that the interval was too long, he ran another series and took samples 
at the end of 4 months. In this series no control was analyzed. In 
general, total counts were higher in the green-manured soil. 

EFFECT OF TREATMENTS ON THE TOTAL PLATE COUNTS OF THE 

SOIL MICROFLORA 

It will be recalled that there were three treatments for each acid 
soil and each green manure, viz — (1) limestone, (2) rye or vetch, and 
(8) limestone and rye or vetch. Also certain conditions of the experi- 
»proiits should be emphasized, viz, the application of the whole green 
plant (roots and tops), the uniform depth of 5 inches at which the 
green material was turned under, the constant temperature and 
moisture, and the frequent samplings during the early stages of decom- 
position of the gre,en manure. 

The total counts made on the four plots of the Collington fine sandy 
loam of the rye green-manuring series are shown in Figure 1. The 
untreated control shows some variation in numbers during the 
course of the experiment, but as a whole the counts are fairly uniform. 
The numbers in the limed plot followed those in the control until the 
thirty-fifth day, when there was an increase to nearly 40,000,000, 
this figure persisting to the end. 
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When the green rye was turned under a rapid increase in the 
number of microorganisms took place both on the limed and on the 
unlimed plots. In 4 days the number increased to 74,000,000 where 
rye alone was added and to 90,000,000 with rye and limestone. A 
rapid decrease followed, which in the latter case was followed by 
another increase, reaching a peak at 80,000,000 in 56 days. The acid 
rye-manured plot, on the other hand, shows a gradual decrease in total 
counts from the fourth to the thirty-fifth day, the numbers remaining 
only slightly above the control until the end of the experiment, when 
they w^ere ijractically identical. At the end the plate counts of the 
two limed plots reached the same level in spite of the addition of 
rye to one of them, and this level was well above that of the other 
two plots which had no limestone. 

The results of plating out the Ijeonardtown series are given 
in Figure 2. The control, as in the Colling! on series, shows only a 



Figitre 2,-~ C\>mparisori of total plate counts (A) and nitrate nitrogen (B) in Leonardtown clay 
loam as affected by diffeienf treatments; rye green-manure series 

m 

slight change in the number of microorganisms. The limed conij d 
shows an increase at the 35-day sampling and a further increase to 
60,000,000 in 56 days, the count falling ofl* some at the end. The 
application of green rye caused an increase to 116,000,000 in 4 days, 
whereas rye and limestone together gave a peak of 151,000,000 at 
that time. In both cases there was a sharp drop at the 7-day period 
to 41,000,000 and 56,000,000, respectively. Thereafter very little 
change took place in the acid rye-manured plot. But with the rye 
and limestone together there was a steady rise in the plate counts to 
the fifty-sixth-day sampling and then a jump to 184,000,000 at 119 
days. 

In the next experiment the effect of turning under green vetch 
was studied under similar conditions, with the exception of an irregu- 
larity in limestone treatment, which will be discussed later. 
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Figure 3 shows the relative number of microorganisms found in 
the four plots of Collington soil of the vetch green-manure series. 
In the control and limed plots the numbers are similar to those found 
in the rye series. Vetch in the acid soil affected the organisms much 
the same as the rye, except that the peak was not reached until the 
seventh day. In the case of the vetch and limestone the great increase 



Figurk 3.— (’oniparist)n of total plate counts (A) and nitrate nitrogen (R) in CoIIinKton fine sandy 
loam as affected by different treatments, vetch green-manure series 

occurred at four days. At seven days there was a considerable 
decrease but not until the twenty-first <iay was it pronounced. There 
was no secondary increase as found in the rye series. 

Plate counts of the four plots of Leonardtown clay loam of the 
vetch green-manuring series arc shown in Figure 4. Here again 
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Fkuirk 4.— Comparison of total plate count (A) and nitrate nitrogen (B) in Leonardtown clay 
loam as affected by different treatments; vetch green-manure series 

the numbers in the control are fairly consistent. Where limestone 
and vetch were added there is the same rapid increase in numbers in 
four days, followed by a drop to relatively near the level at the 
start. Further comparison with Figure 2 reveals only differences 
whicli seem to be inexplicable. For instance, the addition of vetch 
the acid soil failed to affect the total counts at any time, the. 
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counts remaining very close to those of the control plot. The high 
inimbers found in the limed plot during the whole period may be 
partially explained by the fact that the limestone was added to this 
soil 10 weeks before it was added to the plot receiving the vetch. 
Uorsey ( 10 ) has shown that limestone reduces the acidity gradually 
for 0 to 8 weeks. Karraker (^ 6 ) found that the effect of limestone in 
bringing about an iru'reased growth of alfalfa on acid soils was delayed 
from a few weeks to two months. This delayed action of limestone 
may be the cause of the large niimhers in the limed plot. However, 
the corresponding plot of the Collington soil which was also limed 



previously did not show this delayed effect, nor did it show the great 
variations as noted on the Leonardtown limed plot at 4, 7, and 14 days. 
Of course, these soils are very different physically, and the Leonard- 
town is more acid. However, Barnette ( 4 ) observed a rapid increase 
in plate counts for two weeks due to limestone, after which there was a 
decline to a constant level at four w’^eeks. Whatever the explanation, 
the fact remains that the limed control plot contained the greatest 
number of microorganisms after the seventh-day sampling. 

For several reasons it seemed advisable to repeat the peen-manure 
treatment on these same plots. This was done in the fall of 1928, the 
•soil in the meantime being kept moist and fallow\ 
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The results on the ColUngton fine sandy loam are plotted in Figure 
5. The plate counts of the three acid plots were the same at the 
beginning. On the three limed plots, however, they were more than 
double, the vetch plot highest, rye next, and limed plot lowest. Com- 
paring the end of Figures 1 and 3 with the beginning of Figure 5, it 
will be noted that the long fallow period produced practically no 



Figure a.—C'omparlson of total plate counts (A) and nitrate nitrogen (B) In T^eonardtown clay 
loam as affected by different treatments; second application of rye and vetch green manure 

change in the total count of the acid plots and only small increases 
in that of the limed rye and limed vetch plots. Throughout this 
experiment the plate counts of the control and the limed plots remained 
fairly uniform. The decomposition of the green manure was exceed- 
ingly rapid. The numbers m all cases were very high in four days, 
es'^ciaJry where vetch was turned under. In both the rye and vetch 
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acid plots the numbers decreased to the level of the control in 28 days 
whereas in tlie limed plots at this time the effect of the green manure 
was still noticeable, as indicated by a slight secondary rise. Again 
comparing this figure with Figures 1 and 5, it will be seen that the 
curves are remarkably similar in spite of the previous treatments. 

On the Leonardtowm clay loam the effect of the treatments on the 
number of microorganisms is shown in Figure 6. The addition of 
green rye to the acid plot caused an incTease in number which reached 
a high ])oint in seven days, a low^ number, for some unknown reason, 
being recorded on the fourth day. The usual decrease followed. 
With vetch turned under, the number of microorganisms increased 
to 50,000,000 in 4 days, followed by a decrease at 7 days and a sub- 
sequent increase to 53,000,000 in 14 days. This was followed by a 
sliglit decrease at the next two samplings and quite a definite decrease 
on the last two sampling dates. 

The curves indicating the numbers on the limed plots form a dis- 
tin(*t group from the curves of the corresponding unlimed plots. 



Fjouue 7 " ('omparison of total plate counts (A) and nitrate niirogon (FJ) in Keysport cla> loam as 
alTocted by rye and vetch green manuring under field conditions 


With limestone alone there were increases for 14 days followed by a 
slight decrease, which became much larger at 42 and 63 days. The 
lise in numbers may have been due in part to stirring the soil. All 
])lots were stirred at the same time so as to eliminate' discrepancy 
which might arise because of the stirring incident to the turning 'wider 
of the rye and vetch green manures. The limed rye and the limi d 
vetch plots showed the usual rapid in(‘rease in numbers to the peak 
at 7 days, followed by a subsequent decrease. At 63 days the counts 
of all the limed plots had decreased greatly and were only slightly 
above those of the unlimed series. 

Since the conditions of temperature and moisture w^.i’e quite differ- 
ent in the greenhouse from what is usually found in the neld, a pre- 
liminary experiment was made in the field to determine to what extent 
gmenhouse and field results would correlate. The soil for this field 
experiment was a Keysport clay loam located on Arlington Farm, 
Virginia. It had been limed some years previously but was slightly 
acid (pH 5.5). 

* Both rye and vetch were used as green manures. The total plate 
counts in the vetch-manured plot (fig. 7) show the characteristic rapid 
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rise, but instead of a 4-day or 7-day peak the highest count came on 
the fourteenth day after treatment. The temperature of this field 
soil was not taken. It is known, however, that it was considerably 
below that of the soil in the greenhouse which was kept between 
20® and 22® C. Moisture was also somewhat lower. These factors 
undoubtedly slowed up the decomposition and a(‘count forthe retarded 
maximum number of organisms. 

The rye was field grown and of a slightly different composition than 
that used in the greenhouse. It affected the number of soil organisms 
very little, comparatively. No explanation is offered for the failure 
of the rye to produce an increase in the soil flora in this case. 

EFFECT OF TREATMENTS ON THE BACTERIA 

The total plate counts of the microorganisms in soil comprise the 
bacteria, actinomycetos, and fungi. The bacteria are the most 
numerous ordinarily. In fact, many workers have considered the 
total plate count as representing the bacteria and have often reported 
the plate counts as numbers of bacteria. In this paper the authors 
have preferred to report the total plate count's as such and to i*eport 
separately the numbers and kinds of bacteria oc(‘urring on those 
plates as determined by cultural and staining methods. 

One of the 10 plates of each soil sample used in making the total 
counts was selected after the counts had been made and all bacterial 
colonies picked off and inoculated into a nutrient soil-extract agar.*^ 
This meaium gave a much better growth than the soil-extract agai* 
used for plating and was also better than ordinary nutrient agar for 
many of the soil organisms. After growth had o(‘eurred smears were 
made and stained by Gramms method as modified by Jensen, reported 
by Orla-Jensen p. 25, footnote). This method has been used 
by the senior author for 10 years, and while it gives good results no 
special recommendation is made for it. Although it is well known 
that bacteria may vary in their reaction to the Gram stain from 
time to time, this seemed to be the only feasible method of roughly 
dividing the bacteria into groups. 

In order to control the accuracy of the staining method, one set 
of 63 bacterial cultures was transferred after the smears were made 
for the Gram staining. These new cultures were subsequently 
smeared and stained and were found to have the same reactions 
except in three cases. This is not considered a serious error. 

l^Figure 8 are shown the numbers of Gram-negative and Gram- 
positive bacteria found in the Collington soil of the rye green-manuring 
series. At first there was a tendency for the members of both groups 
to increase in number. Later, without limestone, both the negative 
and positive forms decreased and were no more numerous at 21 days 
than the control. Where rye was added to the limed soil there was 
a decrease at 7 days, which was followed by increases in both groups. 
The Gram-negative forms increased much more than the positive 
forms and were still high in number at 56 days, whereas the positive 
forms had decreased to the level of the control. Limestone increased 
the Gram-negative bacteria, the increase beginning at 14 days and 

< The formula for this medium is as follows: Soil extract, 1,000 mi.; KjUPO^, O.fi gm.; ammonium citrate, 
0.5 gm«; pept(me, l.O gm.; beef extract, 0.6 gm.; NaNOg, 0.6 gm.; Mg804, 0.2 gm.; CaCla, 0.2 gm.; dextro.se. 
I gm.; and agar, 10 gm. Beaction adjusted to pH 6.8 by NaOH. 



July 16 , 1930 Effect of Rye and Vetch Green Manures on Scdls 109 


rising steadily to the end. It produced no effect on the positive 
group. 

The Gram-negative and Gram-positive bacteria in the more acid 
Leonardtown clay loam (fig. 9) were affected to a greater degree 
than they were in the Gollington soil. The initial increase of both 
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kinds was very marked, rye alone apparently producing the greatest 
stimulation of the positive group, whereas rye and limestone most 
strongly affected the negative group. The sudden fall in the num- 
ber of both at the 7-day period is vory striking and agrees with the 
fall in the total counts. (P"ig. 2.) The positive group increased 
again somewhat in the case of rye and limestone, but it was not 



Figure 9.- Number of Orara-neJ?ative (A.) and Gram-positive (B) bacteria in Leonardtown clay 
loam, as affected by different treatments, rye green-manure wseries 


affected by either the rye or limestone when used separately. On 
the other hand, the Gram-negative group increased enormously in 
the limed rye-treated plot and also in the limed plot. In the latter 
case the effect of the limestone was delayed until the thirty-fifth-day 
sampling. Comparing this figure again with Figure 2, it is very 
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The isolation of cultures was stopped with the twenty-first-day 
sampling because the total plate counts showed no secondary increase 
as in the first experiment and only a slight decrease after this jicriod. 

The turning under of vetch in the Leonard town soil did not have 
the same effect as in the Tollington, nor was the effect similar to that 
])roduced by rye in either soil. This fact was noted in dealing with 
the total counts and no exjrlanation can be oflered for it. For 
instance, the turning under of vetch in the unlirned soil had no effect 
upon either the Oram-negative or the Oram-positive bacteria. 
(Fig. 11.) However, on the limed soil vetch incrc'ased both groups 
at two days as in the 
o t h e r experiments. 

Thereafter, while 
these t wo gi’oups were 
decreasing on the 
vetch-limestone plot, 
thev were increasing 
under the effect of 
limestone alone. 

The effect of ry(‘ and 
vetch green manures 
upon the Oram-nega- 
tive and Oram-posi- 
tive bactcu'ia in Keys- 
port clay loam under 
field conditions is 
shown in Figure 12. 

Both groups of bacte- 
j'ia seem to be equally 
affected, the highest 
counts occurring with 
both green manures 
at the 14-day sam- 
])ling. The vetch, as 
stated above, was 
from the same lot 
t h a t w a s t u r n e d 
under in the gi(‘eri- 
house soil, whereas the 
rye was field grown 
and less succulent. 

This may have had some influence on the development of the 
bacteria. At least, this figure shows that the incjease in the bacteria 
is slowed up under field conditions but that there is rapid rise in 
numbers during the first two weeks of the decomposition of vetch. 
The decomposition of the rye caused only a slight increase at the 
14-day sampling. 

The isolation of cultures was stopped with the 21 -day sampling. 
It is not likely that any radical change would have been found at later 
samplings, for the total counts (fig. 7) continued to decrease and were 
on a level with the control at 50 days. 
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EFFECT OF TREATMENTS ON ACTINOMYCETES 

The number of aotinornycotcs present in the soil samples were 
determined as described above. The counts on the Oollington and 
Leonard town soils of the rye green-manuring series are given in 
Table 2. 

Table 2. — Millions of aciinomyceles per gram of dry soil in two acid soils in the 
rye green-manure series when limed and urdimed 


Days after Kreen 

(\)lliiigtoii fine sandy loatn 

Leonardtown dav loam 










inaauring 

C^'entrol 

Limed 

control 

Rye 

Tdmed 

rye 

Control 

Liaied 

control 

Rye i 

Limed 

rye 

0- - - 

2 5 

3 0 

3.2 

4 0 

24 

2 6 

3.0 

2 9 

2 ' 

2 7 

.3.3 

4 4 

3 T) 

3 4 

4 2 

3.0 ' 

3 0 

4. 

3.4 

4 3 

3.4 

4.5 

3.4 

3 0 

3.2 

2. « 

7 

2 9 

3 1 

2 4 

2 4 

3 4 


3.7 

2.3 

14 

2 7 

.3.9 ! 

2 8 

3 4 

3 0 

3 9 ' 

3.0 

4.2 

21 - 

3 1 

3 8 1 

3 r> 

! 4 8 

3.4 

3 2 

3 9 ; 

4. 5 

35 

2.2 

3 0 1 

3.7 1 

4 1 

2 5 

1.9 ' 

3 5 1 

2 8 

56.... - 

2 0 

3 4 

3 8 

5 .5 

3 8 

3.5 i 

1 3 5 1 

2.9 

84 

1.4 

2 0 

1 3 

1 9 

2,3 

22| 

2.2 

2.1 


No significant increase in the number of actinomycctes occurred 
in the Leonardtown soil when limestone, rye green manure, or 
both were added. In the Oollington soil there seems to have been 
a slight increase due to the treatments. On account of the great 
variations in the counts from one sampling to another, no importance 
should be attached to these small increases. 

In the second experiment vetch was turned under in place of rye. 
The number of actinomycetes (Table 3) decreased slightly wht^e 
vetch was added and rose 'slightly with limestone alone. This holds 
true for both soils. The decrease in the number of actinomycetes 
took place during the first seven days coincident with the highest 
counts of the bacteria. Millard and Taylor {28) found that a sapro- 
phytic actinomycete competed with a i)athogeiiic form h)r the 
available food in green-manure experiments, and suggested that 
bacteria might also compete with wealier forms and inhibit their 
development. The bacteria may have inhibited the actinomycetes 
in the experiment here recorded. On the other hand, the actino- 
mycete plates were heavily seeded with bacteria of the type pro- 
ducing an abundant growth. Therefore there may have been 
competition on the plates, with the result that a large number of 
the actinomycetes were either inhibited or so masked that the 
colonies could not bo differentiated. The latter explanation seems 
the more plausible, especially since subsequent samplings showed, 
on the whole, the same number of actinomycetes as at the start. 
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Table 3. — Millions of actinomycetes per gram of dry soil in two acid soils in the 
vetch green-m-anure series when limed and unlimed 
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2 4 
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2 1 
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2 (] 

1.7 

1.8 

.^>6* - 

2.1 

2 0! 28 

1 

2 7 i 

1 

2 fi 

2 7 

2 « ' 
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As Stated above, green rye and green vetch were again added to the 
same plots after several months of fallow under moist and rather hot 
conditions. Table 4 shows the counts of actinomycetes obtained. 
Here, again, there were lower counts in the fourth and seventh day 
samplings. The rye and vetch green manures on the acid plots of both 
soils seem to have inhibited the number of actinomycetes more than 
where limestone was also applied. This eflec-t was not observed in the 
first application of the green manures. Tht^se results are rather 
surprising, for the reason that the total plate counts, especially of the 
limed green-manure plots of the Leonardtown soil, were at least three 
times those of the a(*id plots. In the (^ollington soil under the same 
conditions there was not (piite so much dilference between the limed 
and acid green-manure plots. With this soil, though, there was quite 
a difference in the plate <*ounts of the acid vetch and acid rye plots. 
The actinomycetes in both eases, however, were the same. It seems, 
therefort', that it is not so much the number as it is the kind of bacteria 
which inliibits the development of the actinomy(*etes on the plates. 
The bacteria grew^ rapidly on the gly(‘erin -nitrate agar and oftentimes 
spread over half the plate. 


Table 4. — Millions of actinomycetes per gram in two acid soilsy limed and unlimed, 
after the second application of rye and vetch green manures 
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The numbers of actinomycetes in the rye and vetch green-manure 
plots of Keysport clay loam are given in Table 5. 

Although the numbers in this soil were about double those in the 
Collington and Leonardtown soils, no greater uniformity of counts 
was obtained; in fact, the fluctuations seem to be worne. Vetch caused 

2492—30 2 
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a decrease in the actinoniycetes, probably by increasing the numbers 
of bacteria, some of wliich, as noted above, grew well on the medium. 
This is in harmony with the results of the other experiments. Rye, 
as noted above, failed to produce an increase in the bacteria in this 
soil. Tlnuefore there was no crowding of the actinomycetes on the 
plates and the counts averaged the same as the control. 


Taulk 5. Mtlliorts of actinomycetes per gram of dry soil in the field experiment 
on Keysport clay loam, rye and vetch green manures being used 
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EFFECT OF TREATMENTS ON FUNGI 

For the determination of the number of fungi, plates were poured as 
described above and the (*olonies counted after' three days. In Table 
6 the counts on both the Collington and Leonardtown soils of the rye 
green-manure series are given. In both soils there was a slight in- 
crease in fungi on the second and fourth day sajuplings, especially on 
the unlimed Leonardtown soil. The increase was of short duration, 
for at 7 days the counts for the most part had returned to normal. 
At 14 days th(\v seem to have decreased below the average. On 
both soils the highest counts of fungi were obtained on the unlimed 
soil, as might be expected. However, the increase in the fungi was 
really insignificant compared with the increase in the bacteria. The 
decojnposition was, then,' bacterial, and while the fungi did increase 
somewhat at first, they could not compete with the bacteria under 
these conditions. 

Tablk ^.'"-J'housaiids of fungi per gram of dry soil in two acid soils in the rye 
green-manure senes, when limed and unlimed 
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194 

188 

2 
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4 
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14 . -- . 
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S! 

81 

1 
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124 1 

145 

21 

90 

77 

96 
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3.*) 

02 ! 

no 

79 

89 

148 

86 
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m.. .... 
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. no 

O.'i 
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187 

166 1 
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84 

r>r> j 

O'! 
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89 
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Vetch gi‘cen manuring on these soils had even less effect than the 
rye upon the fungi, as shown by the results in Table 7. All the soils 
gave slightly lower fun^i counts than whem rye w^as turned under, 
but that is immaterial since the controls in this experiment were as 
uniform as in the former. 

In this teperiment, limestone seems to have increased the number 
of fungi somewhat in the Collington soil, whereas in the I Leonard town 
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soil it had the opposite effect. The effect in either case was slight 
if it be compared with that produced by the limestone upon the 
bacteria. 


Table 7. — Thousands of fungi per gram of dry soil in two arid soil,s iri the vetch 
green-ntanure senes when hmed and unlimed 
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98 
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18.1 
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The second application of rve and vetch green manures t(» those 
plots after a long fallow period had less effect upon the number of 
fungi than did the first application, as is shown in Table S. It will be 
noted that the fungi had increased in the controls and also in the pre- 
viously tn^ated Leonard town soil during the fallow period when no 
samples were taken. These increases in the number of fungi are not 
very large as compared with the increases observed in the total plate 
counts. The fact that the fungi failed to develop, especially in the 
acid green-manure ])lots, was very surprising and was one of the 
chief reasons for rejieating the applications of green manures on these 
plots. 


Table 8 . ^ Thousands of fungi per gram of drif sod m tiro acid soils, limed and 
unlimed, after the secitnd application of rye and vetch green manures 
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1 
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2 
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1.18 
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201 
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14 
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128 1 
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2*>8 1 
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310 1 315 
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28 
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200 

247 i 

25*1 ! .m) , 

335 
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1 
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) 
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The effect of rye and vetch green manuring on the fungi in Keys- 
port clay loam under field conditions is shown in Table 9. 

Table ^.—Thousands of fungi per gram of dry soil in the field experiment on Keys- 
port clay loam, rye and vetch green manures being used 


Days after green 
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Days after green 
manuring 

Kye 
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Here, again, no increase in fungi is discernible. On the other hand, 
the number on the rye-treated plot is slightly smaller than on the con- 
trol and vetch plots.' This is just the reverse of what was expected. It 
bad been thought that the less succulent condition of the rye green 
manure and the drier condition of the soil as compared with that in 
greenhouse experiments would stimulate the fungi. 

No definite increase took place in the number of fungi at any time. 
These results are not in accord with those found by Waksman and 
Starkey (39). They reported that green manure increased both 
bacteria and fungi and that “the number of fungi increased more 
abundantly in the acid soils than in those more nearly neutral in 
reaction.” Alfalfa meal was used as the green manure and mixed 
with soil in tumblers. Neller (39) decided that the fungi were the most 
active of the soil flora. Ho based his claim on the fact that pure 
cultures of these produced the same effects as a soil infusion when 
alfalfa meal was mixed with sandy soil in tumblers. The conditions 
of these experiments and those reported in this paper are so different 
it is no wonder that the results do not correlate. In studying the 
effects of green manure it would seem advisable to use the material 
in its natural condition and to incorporate it into the soil in such a 
manner that field conditions might be more nearly reproduced. 

EFFECT OF TREATMENTS ON THE ACCUMULATION OF NITRATES 

In connection with the determination of the number of the bacteria, 
actinomycetes, and fungi, the amount of nitrogen as nitrates was 
determined on each soil sample. One hundred grams were weighed 
out and placed in a flask. To the Collington samples, 450 ml. of 
distilled water and 50 ml. of a 10 per cent suspension of aluminum 
cream, and to the Leonajdtown samples, 400 ml. of distilled water 
and 100 ml. of the cream were added. The suspensions were shaken 
intermittently for an hour and filtered. Two 100 ml. aliquots were 
evaporated on the steam bath and the nitrates determined by the 
phenoldisulphonic-acid method. Correction for moisture was made 
and the results reported as parts per million. If the soil contained 
more than 50 parts per million of nitratemitrogen, small aliquots were 
taken. 

The nitrates in the first rye green-manure experiment on Colling- 
ton fine sandy loam are shown m the lower part of Figure 1 . There 
was a slow increase in nitrate nitrogen in the control plot, as might 
be expected of field soil which was brought into the greenhouse and 
kept fallow under optimum conditions. 

In the limed soil the nitrates were somewhat higher throughout the 
experiment, indicating only a slight effect of limestone on the nitri- 
fication of the soil nitrogen. 

In the rye green-manure plots (fig. 1), with or without limestone, 
there was a large increase m nitrates within 7 days. While there 
was somewhat of a drop at 21 days, the nitrates at 35 days had in- 
creased on an average to more than 60 parts per million and remained 
high thereafter. It is interesting to note that although the pH value 
of the original soil was 5.2, limestone apparently made no difference 
in the nitnfication of the nitrogen of the rye green manure. 



July 15, 1930 


Effect of Rye and Vetch Green Manures on Soils 117 


Analogous results were obtained on Leonardtown clay loam with 
rye green manure. (Fig. 2.) The drop in nitrates at the seventh-day 
sampling of the rye-limestone plot is inexplicable. Since the other 
data on the limed and acid rye plots are consistent, it may be assumed 
that this seventh-day determination was wrong. After 35 days the 
nitrification of the rye green-manure nitrogen was slowed up in the 
acid soil, whereas in the limed the nitrates rose to over 200 parts per 
million in"^ 56 days. However, at 119 days the acid plot was nearly 
as high as the limed. 

Vetch green manure on the Collington soil, either limed or unlimed 
(fig* gave results similar to the rye, except that nitrification was 
slower. The nitrates in all the plots were practically the same up to 
the 21 -day sampling. Then the soils receiving the application of 
vetch green manure definitely contained more nitrate nitrogen. This 
condition persisted to the end of the experiment at 56 days. 

On the I^eonardtown soil (fig. 4), vetch green manure gave erratic 
results. It will be remembered that the total plate counts on these 
plots were not in accord with the other experiments, especially in 
regard to the behavior of the acid vetch ])lot. The nitrates in the 
control soil increased slowly and those in the limed soil more rapidly. 
The vetch-limestone ])lot showed the largest increase, reaching 100 
parts per million at 56 days. The limed (‘ontrol soil at this period 
contained about 80 parts per million of nitric nitrogen. 

W hen the second appli<’ations of ije and vetch were made on the 
respective plots of the (\dlington soil six months, after the first, the 
nitric niti-ogen had increased considerably in all plots. The limed 
green-manure plots had the largest amount, the acid rye and vetch 
the next largest, and the limed and control plots the smallest. (Fig. 

5. ) In two days after green manuring there was a deci'ease in all 
cases. This was partly due, perhaps, to stirring the soil, since the 
two controls also showed the decrease, and partly to the tremendous 
growth of bacteria which took place wdthin 14 days, especially in the 
limed green-manure plots. Without limestone, nitrification was 
delayed, nitrates not accumulating in the rye or vetch plots until the 
forty-second and sixty-third day samplings. 

The results of the second applications of r 3 ’^e and vetch on the 
Leonardtown plots gave similar though more striking results. (Fig. 

6. ) The nitrate content of all the treated plots was between 190 and 
245 parts per million when the green manure was turned under. 
Within 7 days it had decreased markedly, only to rise again, at 14 
days. After another slight decrease, nitrates rose rapidly at the last 
two determinations and in most cases attained the same height as 
at the beginning of this experiment. 

The effect of rye and vetch green manures on the nitrates in the 
field soil is shown in Figure 7. Rye green n) an ure failed in this 
instance to increase the nitric nitrogen at any time during the experi- 
ment. The vetch treated plot, on the other hand, showed an increase 
beginning at 21 days and amounting to over 50 parts per million in 
58 days. 

The rapid accumulation of nitrates under optimum conditions after 
green manuring has been observed by many investigators. Joshi (23) 
found that Crotolaria, Sesbania, and cowpeas nitrified rapidly under 
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laboratory conditions. In 1 week nitrates were 45 to 70 parts per 
million; in 2 weeks, 85 to 120; and in 3 weeks, 110 to 145. Similar 
results were obtained by Whiting and Schoonover (4^) when green 
clover tops were added to soil in gallon jars kept in the greenhouse. 
These and the results obtained by others are in accord with the data 
presented in this paper. 

Nitrification took place in the acid plots and to practically the 
same extent as in the neutral plots. Hall, Miller, and Gimingham 
reported that nitrifi(‘.ation went on slowly in the very acid plots. 
They considered it as being localized around particles of limestone 
where the reaction was not so acid. Abbott, Conner, and Smalley 
(/) found that nitrification progressed as rapidly when 4,000 pounds 
CaCOs were needed as when it was added. 

Brown and Maclntire (.9), Temple (57), White (40), Fred and Graul 
(50), Stephenson (56*)) ^^nd others have rej)orted active nitrification in 
acid soils. Olson (5/) states that nitrification can take place at a 
pH of 3.7. Ill the present work the pH value of the Leonardtown 
soil toward the end of the first vetch green-manuring experiment was 
4.2. The nitrate content at that time was only slightly lower than 
where limestone had also been added, showing that nitrification had 
gone on at this low pH value. 

As a rule, nitrates wore low^ when the bacteria were high. There 
are exceptions, notably in the first experiments. No (explanation has 
be(m found for this with the data at hand. 

The dec'rease in nitrates immediately after the second application 
of the green manures is very striking. After nine weeks they had 
accumulated again to the former high levels, but no higher. The 
bacteria at this time wuu*e low. Aiiditional analyses for bacterial 
numbers and nitrates were made a few months after this experiment. 
The bacteria had increased somewhat and the nitrate had decreased. 
It is still a problem as to what became of the nitrogen added in th(' 
second green manure. At least it did not increawse the amount of 
nitrates already in the soil. 

EFFECT OF TREATMENTS' ON SOIL ACIDITY 

The hydrogen-ion concentration of each sample w^as determiiu^d 
to see if any (‘change in the reaction of the soil took place during the 
process of decomposition. The quinhydrone electrode was used and 
the piocodure was as follows: 5 to 10 grii. from each sample w^ere 
placed in a test tube ancl a small quantity of quinhydrone aetded. A 
sufficient amount of distilled water was added to make the proportion 
of soil to water 1 : 1 to 1 : 2. A standard solution consisting of 0.09 N 
KCl in 0.01 N HCl and having a pH of 2.04 at 18® C. was poured 
into another tube. The standard solution w^as then connected with 
the soil suspension by a saturated KCl agar bridge. Clean platinum 
electrodes were used. The difference in electromotive force was 
determined on a potentiometer and correction made for temperature. 

The results when rye was used as the green manure arc given in 
Table 10. 
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Table 10. — pH values of samples from two acid soils, limed and unlimed, in the 

rye green-manure series 
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A definite change in the hydrogen-ion (*,oncentralion of the soil 
took [)lace during the experiment. The unlimed rye green-manure 
j)lots of both soils became more acid toward the end. This was 
])robably due to the production of nitric nitrogen which, as w^as 
shoW'ii above, took place in these acid soils. Where liiiiestone was 
added, the acidity, of course, w^as taken care of by the excess of 
limestone added. In comparing the limed control with the limed rye 
plot of the Leonardtown soil, it is seen that the pH value of tlie 
latter is higher throughout the experiment. Six months later the 
pH value was the same in both, l)eing slightly above 7. As the same 
amount of limestone w^as added to both plots, the only explanation 
seems to be that the limestone was not evenly distributed in this 
particular case. The determinations as a whole leave much to be 
desired in the way of uniformity. 

The effects produced on the pH values by vetch green manure 
were similar to those produced by the rye. (Table 11.) Although 
the experiment lasted only 5t) days, there was a definite production 
of acidity by that time where the limestone was not added. How- 
ever, in the early stages of decomposition in the Collington soil 
there seemed to be less acidity; that is, a production of alkali. More 
detailed experiments along this line are being carried on. 


Table 11.-- pH values of safuples from two acid soils, limed and unlimed, in the 

vetch green-manure series 
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The second application of rye and vetch green manures made some 
six months after the first application gave similar results. Again it 
was noted that when vetch ^reen manure without limestone w^as used 
less acidity was present during the first seven days, especially in the 
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Collington soil. The Leonardtown soil, being heavier, contains more 
buflfer, so that the small amounts of acid and alkali produced failed to 
show in the determinations as made. The table giving these data on 
the second application of the green manures has been omitted, since 
it (contains only confirmatory information. 

The effect of green manunng upon Keysport clay loam under field 
conditions is shown in Table 12. If the rye and vetch green-manured 
plots are compared with the control for each sampling, no change in 
pH values is observed, except in one case. At seven days, vetch 
seemed to have produced some alkali; but since all the determinations 
show considerable fluctuations from one sampling to another, it is 
unsafe to place any dependence upon this determination. The Keys- 
port soil is heavily buffered and would be expected to absorb the small 
amounts of acid and alkali which might be produced in the decom- 
position of the green manure and the mineralization of its nitrogen. 


Table 12. — pH values of Keysport clay loam as affected by green manuring in the 

field experiment 
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manuring 

Kyc 

Control 

Vetch 

Days after green 
manuring 

Rye 
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5(L... 

5 3 

6.5 1 

.5. 5 


Nitrification renders the medium wherein it takes place more acid. 
In these experiments the tendency was noted for the control and 
unlimed plots to become slightly more acid with the increase in the 
amount of nitrates. White (4f) stated that the increase in soil 
acidity in his experiments could not be explained as due to nitrifica- 
tion. While nitrification was a factor, it was by no means the chief 
one, Howard { 2 ^) found that rye green manure produced an acid 
reaction equivalent to 300 to 450 pounds CaO per a(Te and vetch only 
half this amount. 

Even in a soil containing more than 3 per cent CaCOa, Sackett and 
his associates (34) weie able to detect an increase in the hydrogen-ion 
conc.entration duo to the application of green manure. On the other 
hand, Ames and Schollenberger { 2 ) found that both dry and green 
materials reduced the lime requirements at the end of three months. 
Other work might be referred to in which it is stated that green 
maiiuBe produces a more acid reaction or tends to neutralize an acid 
soil. The data are therefore rather conflicting. This is no doubt 
due to the varying conditions of the experiments. In the present 
work an increase in acidity is correlated with an increase in nitrate 
content. What effect the absorption of these nitrates by growing 
plants would have upon the soil acidity can not be stated. "However, 
there is no reason to suppose that this acidity would be permanent. 

SUMMARY 

The effect of the addition of rye or vetch green manures to Colling- 
ton fine sandy loam and to Leonardtown day loam under optimum 
conditions of temperature and moisture and with and without lime- 
stone may be summarized as follows: 

Green manure on both the acid and neutral plots increased the 
number of soil microorganisms as determined on soil-extract agar. 
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The greatest number usually occurred in foiir days and was followed 
by a rapid decline coincident with the disappearance of the leafy 
portion of the green manure. 

In the acid green-manured soil the total plate counts remained low 
after the decline. In the soil neutralized with limestone and treated 
with green manure a secondary increase took place and the number 
remained high. 

Limestone caused an increase in the total plate count five weeks 
after application. 

A second application of green manures to the same soil six months 
after the first showed the same great increase in microorganisms during 
the first few days. This was followed by a reduction in numbers 
which continued to the end of the period of observation. No second- 
ary rise took place as was noted in the first experiments. 

The increase in the soil microorgjanisms was due to the growth of 
bacteria. Both the Gram-negative and Gram-positive bacteria 
increased greatly during the active decomposition of the green manure. 

The secondary rise in bacterial numbers due to the cflect of limestone 
was caused by an increase in the Gram-negative organisms. 

The number of fungi in the acid or neutralized soils was not influ- 
enced to an 3 ^ great extent by the addition of green manures. 

The number of actinomycetes was lower during the greatest devel- 
opment of the bacteria. This was due to overcrowding of the plates 
by certain rapidly growing bacteria. Otherwise no effect of the green 
manures was apparent. 

Green manures stimulated the accumulation of nitrates in both the 
acid and neutralized soils, the amount of nitrates being slightly lower 
in the acid soil. Although there were many irregularities, nitrates 
tended to be high when the bacteria were low, and vice versa. 

There was a tendency for the control soils to become slightly more 
acid as the nitrates accumulated. With the addition of green manure 
and a greater accumulation of nitrates, there was a definite increase in 
acidity on the sandy soil where no limestone was added. This was 
not so noticeable in the clay soil. 

In the early stages of decomposition small but significant amounts 
of alkali were produced in the sandy soil which reduced the acidity. 
Practically no effect was observed on the clay soil. 

Vetch gi'een manure under field conditions decomposed more slowly 
than under greenhouse conditions, but the eflects were similar to those 
obtained in the greenhouse. Rye green manure under these conditions 
produced practically no change in the number of soil microorganisms, 
in the amount of nitrate, or in the hydrogen-ion concentration of the 
soil. 
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NEODIPLOGASTER PINICOLA, N. SP., A NEMA ASSOCI- 
ATED WITH THE WHITE-PINE WEEVIL IN TERMINAL 
SHOOTS OF THE WHITE PINE ^ 

By G. Steiner 

Senior N emalologisty Office of N emalology^ Bureav of Plant Industry, United States 

Department of Agriculture 

INTRODUCTION 

Fuchs i4y in 1915 first (‘ailed attention to the fact that the moist 
frass of the mines produced by Ips typograpJius and Ilylobim abietis 
is inhabited by a specific neinic fauna, the members of which are in 
more or less close symbiotic relationship with the beetles. He 
observed that some of the nemas were carried about by the beetles, 
('ither under the wing covers or in some other way. In some instances 
the relationship between nemas and beetles seemed to be more or less 
that of parasite and host. Fuchs also mentioned the fact that dif- 
ferent genera and species of beetles have different mmias as their 
associates. Similar observations were published more recently by 
Jazcuitkovsky (d). 

Previous to the present paper, so far as the writer is aw^are, no case 
of the association of a nema with the white-pine beetle {Pissodes strobi) 
has been recorded. 

In June, 1928, R. L. Taylor, of the Bussey Institution for Research 
in Applied Biology, Harvard University, sent the. writer terminal 
shoots of the white pine {Pinuft fitrobm) affected by Pissodes ntrobi 
and harboring numerous nemas in the mines. Doctor Taylor at that 
time suggestcnl that probably the same nemas also occur under the 
wing (‘.overs of the beetles. Further material for study was then 
re(^eiv(‘d from Maine through the courtesy of E. G. Arzberger. As 
far as the writer could see, the mines of P. strobi harbor only one 
species of nema, which, however, is new and belongs to the genus 
Neodiplogaster Cobb (2), 

RELATIONSHIPS OF GENUS NEODIPLOGASTER 

Neodiplogaster is closely related to the genus Diplogasteroides of 
De Man (6) and also to the genus Rhabditolaimus established by 
Fuchs (4) for forms that he found in the mines of the bark beetles of 
Europe. Onlj’^ one species of Neodiplogaster is known at present — 
N, tropica which Cobb {2) found in coco pods from Guatemala. .The 
status of the genus at that time was still somewhat doubted by its 
author. After making a study of the present form, the writer con- 
siders Neodiplogaster a good genus. Its relationship to the other 
genera ()f the Diplogasteridae is best shown by a summary of the 
diagnostic characters of the various genera: 

Diplogasteroides (De Man, 6 ). — Diplogasteridae with a cylin- 
drical undivided pharynx, at the base of which is a small dorsal tooth; 
male tail with numerous papillae but no bursal structures. 
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RiiABDiTOLAiMUs (Fuchs, 4)- — Diplogasteridae similar to Diplogas- 
teroides, but with the pharynx unarmed; male tail with small bursal 
membranes. 

Neodiplogasteh (Cobb, 2 ). — Diplogasteridae with the pharynx 
divided into a short but wide anterior section and a longer cylindrical 
posterior section ; on the bottom of the anterior part a single well- 
developed dorsal tooth ; on the bottom of the posterior part two sub- 
dorsal cuticularized oval pieces. Male tail with numerous papillae 
partly connected by more or less developed bursal structures. 

Dkmaniklla (Steiner, W ), — Diplogasteridae with cylindrical undi- 
vided pharynx, at the bottom of which is a large dorsal "tooth ; anterior 
e.sop}iagcal bulb elongated; oral opening with conical elevation and 
surrounded by a number of semicircular cuticular thickenings. 

Odontophauynx (De Man, 7).- -Diplogasteridae with irregularly 
shaped, wide, deep, armed pharynx; anterior part of esophagus with- 
out distinct bulb but its lumen throughout its entire length with highly 
cuticularized walls, and the esophageal tissue with strong radial mus- 
cles. Male tail with numerous papillae but no bursal structures. 

CLASSIFICATION OF THE DIPLOGASTERIDAE 

As against Baylis and Daubney (/, p. 109-110), the writer 

holds the opinion that Diplogaster, Rhabditolaimus, Odontopharynx, 
l^enianiella, Neodiplogaster, and Diplogasteroides are good genera, 
each including perha[)s a number of specie^s. They form a natural 
family (the Diplogasteridae), in which the structure of the posterior 
part of the esophagus is the chief distinguishing characteristic. 
Rhabditolaimus and Diplogasteroides, which are among those 
genera of the Diplogasteridae that show a definite relationship to 
the genus Rhabditis (family Rhabditidae), have the typical diplo- 
gastroid esophagus —that is to say, the terminal bulb is without 
radial muscle fibers and has no valvular apparatus. 

The siibgenus Rhabditella, of the genus Rhabditis, may be con- 
sidered a connecting link between Rhabditolaimus and Diplogaster- 
oides on the one hand and Rhabditis on the other, for in Rhabditella 
the male tail end very closely resembles that of either of the two 
diplogastroid genera. Rhabditella is nevertheless clearly distinguished 
from both of these Diplogasteridae by the shape of the posterior 
part of the esophagus, the terminal bulb of which has a definite 
valvular apparatus. 

The Diplogasteridae possess additional distinguishing characters 
in the male copulatory apparatus with its spicula and gubernaculum 
and in the arrangenient and shape of the papillae. The papillae, 
however, are sometimes supporting membranes of bursal chara(‘-ter, 
thus (dearly showing a relationship to Rhabditella. Moreover^ in 
some forms (Diplogasteroides, Rhabditolaimus, etc.) the pharynx 
exhibits a close relationship to the typical Rhab(litis pharynx. 

The present classification of the Diplogasteridae is not considered 
as final. Cobb {8) has already called attention to the fact that the 
forms at present included in the genus Diplogaster represent various 
groups with distinct characters. The writer is convinced that in the 
near future these groups will be definitely separated into different 
genera. 
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HABITS OF THE WHITE-PINE WEEVIL 

The white-pine weevil, Pw,wdef< strobi, occurs wherever the white 
pine grows, but is economically important in only a part of the 
range of the white pine. Its principal damage is produced on this 
plant, although a few others like Phius nguia (pitch pine), Picea 
rubra (red spruce), P. abies L. (Norway spruce), Abies balsamea L. 
(balsam fir), and Tsvga cauade/nsls L. (hemlock) may also be attacked. 
The beetle causes in the pine the abnormal development that is 
called cabbage^' or “pasture’' pine. It attacks the terminal shoots 
of the host plants, killing them ofl‘; new leading shoots may then bo 
developed and in turn killed, the result being that often a large 
number of new terminal shoots are formed which give the host plant 
the forked and crooked aspect previously mentioned. 

The white-pine weevil lays its eggs in small holes that it makes 
in the topmf)st shoot of the previous year’s growth. A number of 
eggs are usually deposited in one hole, and the newly hatched larvae 
gnaw small mines in the tissue below the bark. I'sually only some 
of the eggs develop, and the mortality of the larvae is very high, 
presumably from starvation or parasitism. The mature larvae bore 
into the wood paren<*hyma and pupate. The adults emerge in the 
latter part of August or still later and are supposed to hibernate in 
the ground (Peirson, />). 

NEODTPLOGASTER PINICOLA N. SP. 

E(X)N0M1(", IMPORT 

The life cycle of the nerna observed by the writer as a parasite of 
the white-pine weevil is not yet known, but the fact is established 
that the adult beetle carries specimens of the nema under its wing 
covTrs, and only by this fact can the presence of the nema in all the 
mines examined be understood. It is considered probable that 
when the beetle deposits its eggs some of the nemas slip out from 
under the wing covers and remain with the eggs in the new mine. 

Here, perhaps, the nema comes in as a control fa(*tor of economic 
value by causing the high mortality in the eggs and young beetle 
larvae previously mentioned, although this has not yet been verified 
by observation or experiment. Diplogaster species, however, have 
been observed feeding on grasshopper eggs (Merrill and Ford, 8, p. 
124). This fact and observations on other Diplogasteridae suggest 
the possibility tliat tlie present form may feed on the eggs of the 
beetles. 

TECHNICAL DESCRIPTION 

Neodiplogaster pinicola, n. sp. 

eodiplogasier pinicoln (fig. 1) is slender and of str all size, not quite 1 inin. in 
length. The tsil end of the larva and of the female is long-eonical and sharply 
pointed. That of the n>ale is iruch shorter but also conical and pointed. The 
cuticle is annulated, btjt with liigh magnification the annulation is resolved into 
series of transverse and longitudinal dots. These dots are more distinct on the 
lateral surface, especially at the tail end. Figure 1 , F, gives a view of the arrange- 
ment of these dots. A wide undotted space always separates a double longitudinal 
scries of dots except along the lateral line w^herc four such series of dots are close 
togetlier. (Fig. 1, F.) If, however, these scries of dots are analyzed, it can be 
seen at once that groups of four dots alternate with groups of only two, which are 
placed in a transverse direction. This arrangement gives the surface a very 
6i:)ecific character. The head end is not set off; its shape is convex-conoid, A 
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Fiourb l,~~NeodiplooaH€r pinicola, n. sp. A, Anterior end; ant bib, anterior esophageal bujib; nrv r. 
nerve ring; prx,porusexoretorius; post bib, imsterior esophageal bulb. X about 700. B, Lateral 
view pfnead end; baa knots, cuticularleed dorso’sublateral basal knots of pharvnx; dsl dnt, dorsal 
opebiuitt; lat ppL lateral papilla. X about 1,433. O, Medial view of head end; bas knots, outiou- 
larixeddorso*sublateral basal knots of pharynx; amph, amphid. X about 1,433. D, B'ront view 
Of head. X about 1,433. £, Cross section in region of basal knots of pharynx. X about 1,433. 
F, Arrangement of dots on cuticle. O, Tail end of female. X about 700, H, Lateral view of 
mele4:all end; brs msc, bursal mascles; 1-9, male oopulatory papillae. X about 700. I, Ventral 
view of male tail end. X about 700 
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circle of six papillae is present. The amphids are very inconspicuous and open 
behind the middle of the pharynx. The latter is separated into two parts, a 
wide but shorter anterior one, which is striated longitudinally, and a narrow 
but longer posterior one. At the base of the anterior portion of the pharynx a 
single dorsal tooth is seen; it is quite conspicuous and curves forward. The 
second part of the pharynx is narrower but inucJi longer and of somewhat cylindri- 
cal shape. Its shajie in cross section was not made out. Two ellipsoidal cutic- 
ularized structures are seen at the base of this pharyngeal section, much as in 
Neodiplogaster tropica; they seem not to protrude into the pharyngeal cavity 
but to be located in the surrounding tissue in a somewhat dorso-sublateral 
position. (Fig. 1, A, B, C, E.) Their significance is not clear. The esophagus 
is of typical diplogastroid sJia])e. As can be seen in Figure 1, A, the anterior 
esopiiageal bulb is very well developed. The male sexual apparatus has a 
single testis, outstretched forward. The bursal muscles are strongly developed, 
eight pairs being located in front of the anus and two behind it. The spicula are 
arcuate, exceedingly slender; the proximal ends are cephalated, the distal ends 
sharply pointed. The gubernaciilum completely surrounds the spicula; it is of 
very complicated structure, as may be seen in Figure 1, H, I. A series of about 
nine ventro-submedial papillae was seen on each side of the male tail. The 
arrangement is very specific and furnishes an outstanding differentiating feature 
between N eodiplogasier tropica and the present species. The first papilla is 
near the middle of the spicula, tin* second is just in front of the anus, the third 
just behind it. These three papillae are not of identical size, the first one being 
larger than the other two. A fourth papilla is located ventro-subme’dially just 
behind the middle of the tail; it seems to support a small membranous structure, 
a kind of miniature bursa. A series of four much smaller papillae is seen in 
front of the tail end, close to the ventro-medial line. The ninth papilla, however, 
has a <lor8o-submedial jiosition a short distance in front of the tail end. The 
female rejjroduction apparatus is arnphidelph and the ovaries are reflexed. The 
vulva opens just behind the middle of the body. 

M K AHU ItEM ENTS : 

20 - .^22 

^2.6 10.1 14.4 \55.5^ 93.8^^,,^ a non x 

^ 1 5 2 1 “ 2~T 3 8 2 mni.-0.980 mm.) 

62.5 

^15 ^3 4 5 4^ ^2*^0.687 mm. (0.66 mm.-0.713 inin.) 

Diaunosjs of the NEW' SPECIES. — Ncodiplogaster differing from Neodiplogaster 
tropica mainly in the different arrangement of the male copulatory papillae, in the 
much more reduced bursa, and in the presence of a dorso-submedial papilla close 
to the end of the male tail. Wall of anterior portion of pharynx with longitudinal 
striae. 

SUMMARY 

A new noma, Neodiplogaster j^inicola^ n. sp., is described, and the 
affinities of this and other genera of the Diplogasteridae are reviewed. 
The present form was found living in the moist frass of mines pro- 
duced hj Pissodes strobij the white-pine weevil, in terminal shoots 
of the white pine {Finns strobus). It is suggested that this nema may 
be of economic importance as an enemy of its host, on the eggs and 
larvae of which it probably preys. 
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A METHOD FOR DETERMINING THE QUANTITY OF OIL 
RETAINED BY CITRUS FOLIAGE AFTER SPRAYING ‘ 

By L. L. English 

Research Associate Entomologist^ Department of Zoology and Entomology ^ AgricuU 
' tural Experiment Station of the A lahama Polytechnic Institute 

INTRODUCTION 

In order to determine the effect of oil emulsions on Satsurna orange 
trees and on the insects which infest their foliage, it is desirable to 
know how much oil remains on the foliage after spraying. Labo- 
ratory and field experiments were therefore conducted in an effort to 
develop a method for determining the amount of oil retained by the 
foliage. The method herein reported was finally adopted. 

MATERIAL AND EQUIPMENT 

To avoid the laborious and time-consuming operation of measur- 
ing leaves with a planimetcr, the method of cutting disks from 
the leaves, suggested by Ginsburg,^ was used. A 10 sq. cm. disk 
proved to be a convenient size. Including both sides of the leaf, 50 
such disks make a sample having a total area of 1,000 sq. cm. Even 
though the determinations represent the amount of oil both on the 
leaf and in the leaf, it was thought advisable to base the calculations 
on the area sprayed. 

The graduations on the Babcock bottles used were calibrated to 
read in cubic centimeters rather than in percentage by running a drop 
of mercury into the capillary, measuring its length, and then weighing 
it. A uniform lot was obtained that calibrated 0.002 c. c. for each 
di vision of the tube. The regular heating unitin an oven was replaced 
with a 100-watt electric-light bulb to make it safe for concentrating 
ether extracts. A standard type of centrifuge equipped with an elec- 
tric heater was used. 

PROCEDURE 

The emulsion was applied to duplicate trees with a power sprayer. 
The concentration of the emulsion at the nozzle was checked by a 
slight modification of the Lichtenberg ^ method, which has been found 
more satisfactory than the method in which only sulphuric acid is 
used. The day after application, or as soon as the spray dried, 50 
leaves were clipped from various parts of each tree. A 10 sq. ym. 
disk was punched from each leaf. The 50, disks were placed in a 
6-ounce wide-mouthed bottle, 50 c. c. of ether were added, and the 

1 Keceived for publication Jan. 29, 1930; issued July, 1930. This pai)er is based on cooperative 
hiv^tigatlou between the Agricultural Experiment Station of the Alabama Polytechnic Institute and the 
Alabama State Department of Agriculture. 

OiNSBURG, J. M. AN APPARATUS POR OBTAINING MEASURED AREAS OF SPRAYED FOLIAGE FOR CHEM- 
ICAL ANALYSES. Jour. Agr. Research 30: 1007-1009, illus. 1928. 

» Lichtenberg, II. P. a rapid method for the determination of fat in ice cream. Indus, and 
Lngin Chem, 6. 786. 1913. (Letter to the editor.) This is u method for the determination of the amount of 
cream. The procedure (;alls for 9 gm. of the sample, 20 c. c. of glacial acetic acid, and 10 e. e. of 
suipburlc acid. This was modified to the following: 10 c. c, of oil emulsion, lb c. c. of glacial acetic acid, and 
j concentrated sulphuric acid, chemically pure. The mixture is shaken after the addition of each 
It is then centrifuged, hot water added, reoentrifuged, and read. The determination is carried out 
m Babcock 8 per wnt milk bottles or skim-milk bottles, depending upon the concentration of the emulsion. 


Journal of Agricultural Research, 
Washington, D. C. 


( 131 ) 


Vol. 41, No 2 
July 13, 1930 
Key No. Ala.-14, 



132 


Journal of Agricultural Research 


Vol. 41, No. 2 


bottle was closed with a cork stopper and shaken by hand for one 
minute. The extract was filtered through a fast filter paper into a 
125 c. c. Erlenmeyer flask. Another 50 c. c. portion of ether was 
added and the extraction repeated. The filter paper was washed 
with 10 c. c. of ether. The extract was concentrated to 20-25 c. c. 
in the open air and transferred to a Babcock skim-milk bottle. Five 
cubic centimeters of approximately 0.5 N sulphuric acid were added 
as a floating medium. (The loss of oil due to siilphonation is negli- 
gible, even if the unsulphonated residixe of the oil is low.) The 
remainder of the other was driven ofl‘ in an electric oven at 50° C. 
The temperature was gradually raised to 80° to insure removal of all 
traces of ether. Enough hot, dilute sulphuric acid (0.5 N) was added 
to almost fill the bottle. It was heated to 80°-85°, centrifuged at 
approximately 2,000 revolutions per minute in a heated centrifuge, 
reheated until the oil flowed freely, and more acid was carefully added 
in successive portions with reheating and recentrifuging to bring the 
oil gradually up into the capillary tube, where it was read at room 
temperature with a pair of dividers. 

EXPERIMENTAL RESULTS 

Table 1 shows the results from samples of leaves collected from 
trees sprayed with an oil emulsion at a volume conc^entration of 3 per 
cent. The determinations from two trees agreed very closely, and 
the amount of oil extracted from the disks checked satisfactorily 
with the amount from the whole leaves. The determination from 
sample C indicates that all the oil was obtained by two successive 
extractions with 50 c. c. of ether. 

Table 1 . — Amount of oil extracted from disks and whole leaves collected from dupli- 
cate trees sprayed with an oit emulsion of 3 per cent concentration hy volume 


Millionths of a (5U> 
hie centimeter of 
nil x>er square 
centimeter on 


Sample 

Method of extraction | 

leaves from— 



Sprayed 

Check 



trees 

trees 

A 

Fifty 10 sq. cm, disks given 2 successive extractions . 

/ 04 0 

22.0 



\ 62 0 1 

20.0 

B 

Twenty whole leaves extracted same as A. 

r 05.3 ! 

20.3 

0 

Disks from A reextracted 

1 07 3 

f I 

21 5 
2.0 



\ 2.0 

2.0 


Table 2 gives examples of the results which may be expected from 
the use of this method. ‘ In this table, data are shown from five trees 
in each of two separate blocks sprayed with different emulsions. The 
variations are probably due to differences in individual trees and im- 
perfections in spraying rather than to inaccuracies in the method itself. 
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Table 2. — Amount of oil obtained from five random samples collected from two 

blocks of sprayed trees 


Sample No 

Millionths of a mbie cenli- i 
meter of oil per square 1*6011- ' 
meter of leaf in " l , , 

1 Sample No, 

Millionths of a cubic centi- 
meter of oil 7 >er square ceuti- 
iiieter of leaf in— 


Block 1 

Block 2 j 

(’heck ■ 

Block 1 

Block 2 

Check 

1 . 

(>2 

AO : 

24 : i. 

02 


24 

2 

02 

f)8 

1 

m 

2t I 

f)2 

08 

(a) 

3 1 

01 I 

1 

1 


« Fifth sample not oolleolod heeause of rain. 


Allowing disks to stand in ether overnight, or extracting in a 
Soxhlet apparatus for six hours, did not increase the net amount of 
oil. These more drastic, extractions merely increased the gross de- 
termination on both treated and check trees. This is undesirable in 
making determinations from foliage on which there is only a small 
amount of oil. The high melting point of the residue from check 
trees also makes the determination more difficult. There is no ad- 
vantage in extracting with a mixture of ether and benzin in place 
of ether. On the contrary, it is often difficult to remove the last 
trace of lienzin, even though it has previously been redistilled at a 
temperature not exceeding 60 ° C. 


SUMMARY 

A ])ractical method is reported for determining the amount of oil 
retained by citrus foliage after spraying with oil emulsions. The 
procedure consists of the extraction of on with ether from measured 
areas of foliage and its subsequent recovery and measurement in 
Babcock skim-milk bottles. 




THE VALUE OF POTASSIUM IODIDE AS A SUPPLEMENT 
TO THE RATION OF GROWING CHICKS ‘ 


By T. S. Hamilton, Associate in Animal Nutrition^ and C. H. Kick, Assistant in 

Animal Nutrition^ Department of Animal Husbandry, Agricultural Experiment 

Station of the University of Illinois 

INTRODUCTION 

That birds as well as mammals respotid to iodine deficiencies by 
enlargement of the thyroid is evident from the investigations of Welch 
in Montana. On this subject he ^ says: 

Goiter in poultry is very common. Flocks with a very high percentage of it 
have been noted in goiterous areas. The enlarged thyroid, frequently as large 
as the thumb, is entirely concealed by the feathers, and so far we have not 
observed any bad effect on the health of these fowls. The owners of goitered 
flocks have always reported that egg i)roductiori and general health were normal. 
We have attempted to determine whether congenital goiter existed among newly 
hatched chicks but have been unable to get the material to study. No losses 
have been reported, at any rate, from this cause. 

A detailed report of a case of simple colloid goiter in poultry has 
been reported by Kemkamp.*^ In Minnesota, goiter m poultry, 
according to this report, is extremely uncommon. 

In the case of obvious goiter, the medicinal use of iodine is justified 
and may be expected to give relief on the basis of experimental investi- 
gations on other animals. But in those localities of the country, 
including Illinois, in which goiter in farm animals is not endemic and 
is in fact of rare oceurren(*.e, the necessity or the wisdom of supple- 
menting farm rations with some form of iodine is not self-evident 
and can be determined only by controlled experimental investiga- 
tions. At present there is a lack of experimental evidence on the 
growth-promoting value of an iodine supplement to the rations of 
poultry, This situation prompted the experiment reported in this 
paper. 

The experiment represents an attempt to extend the paired-feeding 
method to groups of three, the food intakes of each triplet being kept 
approximately the same. The result was not entirely successful, but 
nevertheless the information obtained seems to warrant publication. 

EXPERIMENTAL PROCEDURE 

Eighteen White Leghorn chicks, about weeks of age, were divided 
into six groups of three birds each in such a way that the birds in each 
triplet were of the same sex and of about the same weight. Five of 
the triplets were made up of pullets and the sixth of cockerels. At 
the beriming of the experiment the birds ranged in weight from 230 
to 320 gm., averaging 270 gm. 

All birds were fed the same basal ration ^ of ground yellow corn 
05 parts, wheat bran 10 parts, middlings 10 parts, tankage 10 parts, 
steamed bone meal 3 parts, sodium chloride 1 part, and charcoal 1 part. 


* Received tor publication Feb. 1, 1930; issued July, 1930. 

> Welch, H. qoitsb in farm animals. Mont. Agr. Expt. Sta. Bui. 214, 26 p., Ulus. 1928. 

8 Krknkamf, H. O. H. goiter in poultry. Jour. Amer. Vet. Med. Assoc. 67:223-228, Ulus, 1925. 

* A composite sample of this ration, covering the entire period of the exi)eriment, was analyzed with the 
following results: Pry substance, 92.43 per cent; crude protein, 16.31 per cent; nitrogen-free extract, 54.59 
l)er cent; crude fiber, 3.44 per cent; ether extract, 10.99 per cent; and ash, 7.10 per cent. 
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Table 1 . — Body weights, weekly gains or losses, and food consumption of growing 
chicks as affected by feeding potassium iodide at two levels^ as a mineral sup^ 
plement 



Group H 

I Bird fed [Bird fed 
O.Smgm. 1 


1,120 1,100 

270 270 

8fM) 830 

08 98 

8.67 8.47 


WEEKLY GAINS 


Week 

Gm. 

1 Om. 

Qm. 

Gm 

Qm. 

Gm. 

Gm. 

Qm. 

Qm. 


no 

95 

no 

70 

\ 70 

70 

100 

80 

lOf) 

2 

-20 

, 65 

60 

70 

, 60 

80 

45 

40 

80 

3 , , 

170 

60 

80 

80 

! 70 

80 

76 

60 

60 

4 

50 

100 



i 50 

70 

50 

30 

20 

5 . 

-40 

-50 



! -20 

-30 

-60 

-40 

-40 

6 

130 

160 



130 

160 

210 

230 

100 

7 - 

50 

50 



40 

'40 

-60 

-60 

-80 

8 

50 

50 



-10 

60 

60 

70 

140 

1> 

50 

60 



1.50 

120 

1.50 

150 

JOO 

10 - - - 

80 

90 



50 

60 

100 

60 

no 

11 

50 

40 



I -30 

40 i 

0 

60 

0 

12 

50 

30 


1 

80 

120 ; 

80 

70 

80 

18 

30 

40 



' 70 

-200 

30 

80 

, 60 ' 

14 .| 

30 

20 



! 30 

no 

, 10 

20 

1 10 

Total feed 




1 

1 

1 




eaten 

5, 335 

'5, 335 

950 

1,050 

lo, 195 

6, 105 I 

!o, 290 

6, 300 

'6, 040 

Average dally 





1 

1 




ration 

54 4 

54. 4 

45. 2 

50 

1 03. 2 

63 2 

64 2 

04.3 

, 61.1 

Feed per gram 


1 








gain 

6. 75 

1 6. 58 

(3 80) 

(4.77) 

j 8. 37 

7.94 

7.96 

7.41 

i 

— -r— . 

_ .. 

. - 

. 





L J 

_ -- 


' _ . . 




Group f 



Group 6 


Group 6 

Item 

Check 

bird 

Bird fed 
b 5 mgm 
K1 

Bird fed 

1 mgm. 
KI 1 

('heck 

bird 

Bird fed 
0 6 mgm 
KI 

Bird fed 

I 

Check 

bird 

^ Bird fed 
0 5 mgm, 
KI 

Iflird fed 
1 mgm. 
KI 

Final weight ---gill- - 

920 

950 

1,010 I 

ft30 i 

1.020 

1,040 

1,240 

1, 120 

L 140 

Initial weight do 

260 

2tK) 

260 

240 

"230 

260 

260 

250 1 

230 

Total gain do 

660 

690 

7.50 1 

690 

790 

780 

980 

870 

910 

Test period, .days.. 

'98 

i 98 

98 

98 

98 

98 

98 

98 

98 


Average daily ! 

gain--, gm.- 6.73 7.04 7.65 7 04 8.06 7.06 10.00 8.88 | 0 28 


WEEKLY GAINS 


Week: 

Qm. 

Ov\. 

Qm. 

Qm. 

Qm. 

Om. 

Gm. 

Qm. 

1 Om. 

1 

70 

85 ! 

05 

70 

60 

120 

140 

35 

TO 

2 - 

50 

55 t 

70 

60 

70 

-20 

90 

75 

140 

3 

90 

60 1 

35 

50 

40 

50 

75 

no 

50 

4 

50 

80 

65 

80 

60 

1 10 

115 

90 

90 

5 - 

-30 

-60 1 

-5 

-10 

10 

-10 

-90 

-10 

0 

6 

180 

1 140 

no 

i 120 

140 

160 

195 

130 

100 

7 

25 

1 41)' 

40 

! 70 

60 

70 

75 

20 

70 

8 

-25 

[ -10 

40 

20 

40 

-20 

10 

30 

100 

9 

130 

I 110 

i 50 

100 

60 

150 

120 

130 

50 

10 

60 

60 

60 

60 

80 

90 

70 

120 

90 

n - 

-10 

0 ! 

! 40 

-10 

30 

30 

60 

30 

0 

12 - . 

10 

-40 1 

1 60 

50 

40 

90 

30 

120 

100 

13 

10 

20 

! 40 

40 

50 

-20 

60 

-40 

40 

14 

50 

150 

j 90 

-10 

60 

' 80 

30 

30 

10 

Total feed 






1 




eaten - 

5,475 

5,475 

5,475 

6,485 

6,485 

6,565 

6,350 

6,270 

6,320 

Average daily 


ration 

55.9 

55.9 

55.9 

66.2 

66.2 

67.0 

64.8 

64.0 

64.5 

Feed per gram. 





1 





gain 

8.30 

7.93 

7.30 

9.40 

8,21 

8. 42 

6.48 

7.21 

; 6.95 

— ^ 


• The ihedlBg was in each case at the rate of 0,5 or 1 xngm. potassium iodide dally per 100 gm. body weight. 
h This bird laid 5 eggs during the last 2 weeks of the experiment . The total weight of the eggs was 185 gm 
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The birds were fed individually in cages containing approximately 
4 square feet of floor space. The food intake of each of the three 
birds in each triplet was kept the same, or very nearly so, the amount 
offered being determined by the bird that ate the least. Grit and 
distilled water were available to all birds at all times. All birds were 
irradiated daily for 10 to 15 minutes with ultra-violet light from a 
mercury vapor quartz lamp. 

In each triplet, one of the three birds received only the basal ration, 
a second was given, in addition to the basal ration, 6.5 mgm. of potas- 
sium iodide daily per 100 gm. of body weight, while the ration of the 
third bird was supplemented daily with 1 mgm. of potassium iodide 
per 100 gm. of body weight. The potassium iodide, in the form of 
an aqueous solution containing 1 mgm. of the salt per cubic centimeter, 
was introduced directly into the crop from a burette fitted with a 
rubber tube of small bore. 

The birds were weighed each week, and the experiment was con- 
tinued for 14 weeks. Two birds, one the (control bird in Group 2, 
and the other the bird receiving the larger dosage of iodide in Group 1. 
died after three weeks from unknown causes. 

EXPERIMENTAL DATA 

The results of the experiment have been summarized in Table 1. 
Of the 5 possible comparisons of total gains between birds receiving 
the snialhu’ dosage of iodide and their controls, 4 favored the iodide 
bird and 1 favored the control. Of the 4 possible comparisons be- 
tween birds receiving the higher dosage of iodide and their controls, 
8 favored the iodide bird and 1 the control. Of the 5 possible com- 
parisons betwTen birds receiving the two dosages of iodide, 3 favored 
the bird receiving the larger dosage. 

With only four or five comparisons possible, any division of the 
results, such as was thus obtained in all cases, is sufficient to prevent 
the formulation of a positive conclusion as to the effect of potassium 
iodide on growth, since such an outcome may reastmably have 
occurred from chance only. 

The essential negativity of the results is further revealed by making 
comparisons between the w^eekly gains of comparable birds. There 
are 78 possible comparisons between birds getting the lower dosage 
of iodide and their controls, 37.5 of wffiich favored the iodide bird; of 
62 comparisons between birds receiving the higher dosage of iodide 
and their controls, 33 favored the iodide birds; while of 73 compari- 
sons between the two birds in each triplet receiving iodide, 3*9.5 
favored the bird getting the higher dose. These results arc so near 
the ideal outcome if chance alone operated, i. e., 36.5, 31, and 36.5, 
respectively, that the operation of the deliberately imposed experi- 
mental condition need not be assumed. 

SUMMARY 

In a feeding experiment involving 18 White Leghorn chicks, indi- 
vidually fed so that birds whose gains were to be compared were of 
approximately the same initial iveight and received approximately 
the same amount of food, no evidence was obtained that a supple- 
ment of potassium iodide at the rate of 0.6 mgm. or of 1.0 mgm. daily 
per 100 gms. of body weight in any way influenced the rate of grow'^tti. 




A COMPARATIVE STUDY OF THE PROTECTIVE VALUE 
OF CERTAIN FABRICS IN STILL AND MOVING AIR^ 


By Katherine Hess, Assistant Professor, De'partment of Clothing and Textiles: 

E. V. Floyd, Professor, Department of Physics; and Lilian Baker, Professor 

and Head, Department of Clothing and Textiles f Kansas Agricultural Experiment 

Station 

INTRODUCTION 

Clothing made from wool fabrics is generally regarded as afford- 
ing the body more protection than that made from cotton. This 
indicates that wool is a poorer conductor of heat than cotton. There 
are available data to prove that the wool and the cotton fibers 
differ greatly in their capacity to conduct heat. (See footnote 10.) 
Therefore, if wool fabrics are warmer than cotton there must be other 
influencing factors than the heat conductivity of the fibers themselves. 

The heat conductivity of a fabric may differ greatly from that of 
the fiber from which it is made. This may be due to a number of 
factors, su(*h, for example, as the construction of the fabric, the 
finish, and in the case of a rough surface, the position of the nap or 
pile in relation to the body. 

The purpose of this study was to compare the relative protective 
ratios of various fabrics as found in still air and in wind of different 
velocity. 

REVIEW OF LITERATURE 

Many investigators have studied the protection afforded the body 
through clothing. Count Rumford performed experimental work 
of this nature in the latter part of the eighteenth century. In this 
work, as reported by Williams,^ Rumford compared the protective 
value of different fibers when loosely and when tightly packed around 
a body. His method was to inclose the bulb of a thermometer in a 
known weight of fibers, raise the mass to 190° F., and note the time 
required for the mercury to drop a given number of degrees. This 
work proved that small (juantities of fibers holding air in their meshes 
offered a greater protection from heat loss than a larger quantity of 
fibers packed into the same space. 

LeFerve ^ made a study of the protective value of clothing fabrics 
in currents of air at different temperatures. In this work a measured 
quantity of air at a known speed and temperature was driven through 
a calorimeter past a clothed or unclothed human body. The tem- 
perature of the air was taken before it reached the body and as it 
left it. LeFerve concluded that the unclothed body lost more .heat 
in a given time than the clothed body, and that the lower the environ- 
mental temperature and the greater the speed of the wind, the greater 
was the loss of heat. 

Bergonie and Coulier * determined the time required for a vessel 
of warm water covered and uncovered to cool 10° C. From their 

1 Received for publication Feb. a, 1930; issued July, 1930. Contribution No. 9 from the department of 
clothing and textiles, Kansas Agricultural Experiment Station. 

* Williams, M. philosophy of clothing. Edinburgh and Glasgow. 1890. 

'I Burns D. an introduction to nioPHyaics, (With a foreword by D. NoCl Paton). 436 p., illus. 
New York. 1921. 

♦ Burns, D. Op. cit. 


Journal of Agricultural Research, 

Washington, D. C. 

( 139 ) 


Vol. 41, No. 2 
July 16, 1930 
Key No. Kans.-"69 



140 Journal of Agricultural Research voi. 41, no 2 

work they concluded that the amount of air held in a fabric deter- 
mines to a great extent its protective value. Krie^er, according to 
Petteiikofer,® reported experiments conducted with single and double 
laj^ers of fabrics. His method was to cover a metal vessel of hot water 
with a fabric and to determine the time required for the water to cool 
through a given number of degrees. He concluded that it was not 
the kind of fiber or its weight but the texture and the volume which are 
the principal causes of differences in heat retention by fabrics. 

Rubner ® contributed valuable data on the heat conductivity of 
clothing fabrics. His work included the influence of the moisture 
in a fabric on its protective value. He found that moisture lowered 
the protective value of clothing. 

Caton ^ conducted experiments to determine the effect of weave, 
color, and fiber on the heat-retaining properties of fabrics. Bottles 



Figure l. - -Si)eclal apparatus used In the study of the protective value of fabrics 


of w^m water were covered with the fabrics under study and the time 
required for the bottles to cool was compared. She concluded that 
moisture in a fabric increased its ability to prevent loss of heat from a 
body. 

Clark * measured the protective value of certain clothing fabrics. 
The study included analyses of the fabrics used and determination of 
the electrical energy that would be necessary to keep a fabric-covered 
body at a temperature «f 36° C. under rimdly controlled conditions 
of relative humidity and temperature. Thirteen fabrics were em- 
ployed in this work. The conclusions drawn wore that the protective 
ratio of a clothing fabric can be determined in terms of electrical 


THE RELATION OF THE AIR TO THE CLOTHES WE WEAR, THE HOUSE WE 
ELL ON. fTypewritten copy on file, Kansas State Agricultural College, 


i Pettenkofer, Max von. 

LIVE IN AND THE SOIL WE 1>WELL ( 

Manhattan. J 

« Hubnsr, M., Gruber M. von, Ficker, M., editors, handbuch der hygiene, unter fiitwirkuno 
Von ». J. BOETHEE [u. B.J. V. illus, Leipzig. 

» Caton, F. tne hygiene of women's underwear. (Thesis. Univ. of Missouri). 1920 
< Clark, F. ». the protective value or certain clothing fabrks. fMaaters thesis. Codv on file 
Kansas State Agricultural College, Manhattan.] 192S. * ^ 






J<I(jUHe 2. —Del ailed drawing of calorimeter: A-B, Oil-filled copjier cylinder 2 iniihes in diameter and 4 
inches long, heating coil terminating in binding posts on calorimeter ton, D, a 4-blade stirrer operated 
by worm gear JE and the system of pulleys, shafts, and belts shown in trie tliagram, F, transformer oil 
filling the copiier cylinder; G, air maintained in slow motion by the vsmall electric fan as shown, 14, w’ater 
jacket surrounding the air calorimeter; J, stirrer for water in jacket; K, wooden top containing rubber 
gaskets which seal the air calorimeter, fr, thermometers for reading temjieratures of rcKim, water, air in 
the calorimeter, and oil 

EXPERIMENTAL METHODS 

The a|}paratus for the present study was constructed from the 
same desim and the method of procedure was identical with that 
used by Clark.® The fabric analyses as reported by Clark were 
accepted in this work. An air-tight box in which the relative humidity 

* Clark, F. R. See footnote 8. 
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and temperature were easily controlled aided greatly in conditioning 
the fabrics. 

The method used was that of compensating electrically the heat 
loss from an oil-filled copper cylinder placed in a well-insulated calo- 
rimeter, The special apparatus is shown as a whole in Figure 1 and 
the calorimeter m detail in Figure 2. 

The experiments were performed in a room equipped in such a 
manner that the temperature and relative humidity of the air could 
be measured and regulated. A relative humidity of 40 i I per cent 
and a temperature of 25® 4:1® C. were used for this work. The 
fabrics were kept in the constant-humidity box under these conditions^ 
and air of this relative humidity and temperature was blown into the 
air chamber of the calorimeter immediately before each experiment. 
The chamber was practically air-tight, and the temperature was held 
constant by means of the water jacket. The oil in the cylinder and 
the air surrounding it were stirred just enough to keep the tempera- 
ture even throughout. The temperatures were read from thermome- 
ters accurate to 0.1® C. 

A 6 to 9 volt storage battery was wired through an adjustable 
resistance to the heating element. By means of the adjustable 
resistance, an ammeter, and voltmeter the amount of electrical 
energy necessary to compensate for the heat losses from the oil-filU‘xl 
cylinder to its environment could be determined. It was found 
possible by this means to so accurately compensate for the heat loss 
that no perceptible change in temperature could be detected with the 
thermometer used. The electrical enemy required to maintain the 
bare cylinder at 36® C. was recorded. The copper cylinder was then 
covered with the fabric under study and replaced in the calorimeter. 
The compensating energy was again determined for the fabric-covered 
cylinder. • 

The ratio of the compensating energy of the bare cylinder to that 
of the clothed cylinder was taken as the ratio of protection for the 
fabric. 

The following fabrics commonly used in clothing were studied: 
Canton flannel, nap in and nap out; knit cotton underwear, knit 
infantas vest, wool and cotton, navy-blue 'flannel, and gray astrakhan, 
pile in and pile out. 

The analyses of these fabrics included the kind of fiber, method 
of construction, weight per square yard, picks and ends, breaking 
strength, twist per inch of yam, and the mass per unit area. These 
were determined for the dry fabrics in grams per square meter and 
in ounces per square yard. 

The percentage of enmeshed air in the fabrics was determined by 
means of the thickness, the total volunie, and the volume of the 
air.^® The thickness of, the fabric containing the enmeshed air was 
found in the following' manner: By means of a micrometer micro- 
scope the thickness of the fabric was measured, and the following 
weights were then applied over a space 1 inch square: 2.12, 4.12, 
10.12, 20.12, 40.12, and 160.12 gm. A curve was plotted from 
these weights and measurements. This curve was extended by 

*• MAlX)N»t, M. A. THE VOtUME OF EKME.WED AIR A« A FAmR tN THE FROTECTIVE VALUE OF CLOTH- 

iwo, (Unpublished manuscript. Clcthing and Textiles Dept., Kansas State Agricultural College, Man- 
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extrapolation to where it intercepted the zero line. The values 
thus determined were taken as the thickness of the fabric containing 
the volume of enmeshed air with no weight applied. 

The amount of air in 100 sq. cm. of fabric was determined by 
measuring the volume of water replaced by the fabric after all the 
air that could be pressed out had been removed. The total volume, 
or volume of the fabric and air, minus the volume of the fabric, 
gave the volume of enmeshed air. The percentage of enmeshed 
air was found by dividing the volume of enmeshed air by the total 
volume. 


Table 1. — Quantity of enmeshed aiVy thickness of fahricy mass in ounces per 
square yard, protective ratio, and protective values in per cent of various fabrics 
when tested in still air and in winds of differing velocities 


Fabric 


(^anton llanncl (nap side in) _ 

White knit noods (wool and cotton) .. 
While knit underwear (all cotton) . . . 

Blue flannel (w(M)1) 

Canton flannel (nap side out) ... 

Oray astrakhan (pile side in) 

dray astrakhan (pile side out) 

Canton flannel (nap side In) 

White knit poods (wool and cotton) . 
White knit underweai (all cotton) .. . 

Blue flannel (wool) 

Canton flannel (nap side out) 

(fray astrakhan (pfle side m) 

di ay astrakhan (jnle side out) . .. . 

Canton flannel (nap side in) 

White knit poods (wool and cotton) . 
White knit underwear (all cotton) - 

Blue flannel (wool) 

( 'anton flannel (nap side out) - 

dray astrakhan (pile side in) . 

dray astrakhan (pile side out) 

( ’anton flannel (nap side in) 

White knit goods (wool and cotton) . 
White knit underwear (all cotton) .. 

Blue flannel (wool) 

(^anton flannel (nap side out) 

dray astrakhan (pile side in) 

dray astrakhan (pile side out) - 
Canton flannel (nap side in) . . - -- 

White knit goods (wool and cotton). 
White knit underwear (all cotton) . . 

Blue flannel (wool) - . , 

(^anton flannel (nap side out) 

(fray astrakhan (pile side in). . 
dray astrakhan (pile side out) 


Thick- 

ness 

Mass 

En- 

meshed 

air 

Speed of 
wind 

Protec- 

tive 

ratio 

Protec- 

tion 


Oz. per 


Miles per 



Mm 

SQ, yd. 

Per cent 

hour 


Per rent 

2.22 

10.00 

87.9 


1.15 

13. 74 

2 1 

11 31 

S3 77 


1 18 

15. 47 

1 92 

11. 14 

81.90 


1 J8 

15.64 

t 03 

4.71 

89. 93 

0 

1.20 

17.06 

2.22 

10 00 

87 9 


1.24 

19.84 

4. 15 

15.70 

89. 25 


1.33 

24.86 

4.15 

15 70 

89 25 


1.39 

28.40 






1. 10 

14.52 






1 210 

17.30 





1 213 

17.53 




2 2 

1.23 

18.88 





1. 303 

23.28 


. . - . 



1.402 

28.68 





1.43 

30.11 





1.18 

15 47 





1.28 

21.80 



... 


1.29 

22.78 




' J) 

1.31 

23 07 





1.45 

30. 92 

1 





1 49 

33.04 






1.59 

37.04 





1 25 

20.49 


I 



1.4 

28.51 




j 

1.41 

28. 93 

1 



* 4. 5 1 

1 42 

30.12 





1 53 

38. 56 





1.56 

36. 04 

1 




1.72 

42. m 

i 




1.26 

21.29 





1 42 

29.81 





1.50 

33. 33 




' 8. 5 1 

1.49 

35 45 

j 1 




1.63 

38. 71 





1.81 

44.69 


; 

- 


1.82 

45. 12 


EXPERIMENTAL DATA 

The work in still air indicates that the percentage of enmeshed air 
in a fabric determines to a great extent the protective ratio of that 
fabric, or the protection that a fabric will afford in preventing loss of 
heat from a body. 

If the protective ratio of the fabric in still air is a function of the 
enmesheti air, it is important to know the effect of air in motion on 
this ratio. To determine this point an investigation was made to 
test certain of these same fabrics in air currents of different velocities. 
The oil cylinder, fabric capsules, and thermometers used in the first 
part of the work were employed in this study. 
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In order to provide air currents a wind tunnel was constructed 
which contained a motor-driven fan, the oil-filled copper cylinder, 
and the necessary thermometers, hygrometer, humidifying mechanism, 
and anemometer. A longitudinal section of this apparatus is shown 
in Figure 3. 

The tunnel (fig. 3) was constructed of six joints and four elbows of 
7-inch stovepipe. These were joined in such a manner as to provide 
an air-tight continuous path for the air current. One of the sections 
of pipe (A) was insulated and fitted to receive thermometers, the 
hygrometer, and the oil-filled copper cylinder. Another section (B) 
was jacketed in such a manner as to permit a circulation of water around 
the pipe so that the temperature of the air in the tunnel could be con- 
trolled. Air currents in the tunnel were created by means of a 
4-blade fan (C) placed near one elbow and driven by an electric motor 
(D) located on the outside. The velocity of the moving air was deter- 



Fiovke 3.— l^ongltiidinal section of wind tunnel. A, fnsufftted section containing thermometers, 
hygrometer, and oil-filled copper cylinder; B. section of tunnel surrounded with water jacket; r, 
4-blade fan; 1), electric motor to drive fun; K, anemometer; F» glass window; G, flashlight, H, 
magnifying glass; 1, wet-bulb thermometer, J, oil-filled copper cylinder. Scale, three-fourtlisiuch 
to 1 foot 

mined by means of a 6-ineh Keuffel and Esser anemometer (E) placed 
in the tunnel in such a manner that its readings could be taken through 
a glass window (F) in the wall of the tunnel. This was done with the 
aid of a flash light (G) and a magnifying glass (H). Figure 4 shows the 
apparatus as first set up. The small motor was later changed for a 
quarter-horse power direct-current motor. The different speeds 
were obtained by means .of a combination of pulleys. It was possible 
to obtain seven different wind speeds varying from 2 to 18 miles per 
hour. Only four of these were used. 

Experiments showed that with a given combination of pulleys the 
wind current varied not more than 0.6 mile per hour. The relative 
humidity of f/he air in the tunnel could be easily controlled. The 
temperature of the tunnel was best controlled by regulating that of 
the room. If the temperature of the room could not be controlled, 
that of the %ir in the tunnel was regulated with difficulty by circulating 
water through the jacket covering one section of the pipe. 
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The air in the tunnel was set in motion and regulated to 40 i 1 
per cent relative humidity at 25° C. The procedure for testing the 
fabrics was the same as that followed in the first part of the work. 

Table 1 shows the percentage of enmeshed air, the thickness of the 
fabric, mass in ounces per yard, and the protective ratio and protective 
value in terms of percentage for the fabrics in still air and in air inoving 
at the rate of 2.2, 3, 4.5, and 8.5 miles per hour. The variation in 
velocity of the wind due to the variation in electrical current made 
it somewhat difficult to secure closely agreeing checks and resulted 
in slight irregularities in the data. The fabrics are listed in the order 
of their protective ratio. It will be noticed that this order is the same 
both in still air and in air moving at the speeds tested. This does 
not mean that the electrical energy required to (jompensate for heat 
loss decreases as the wind speed increases, but that the electrical 
energy required to compensate for the heat loss of the unclothed body 



Fi(»ubk 4 Wind tunnel and auxiliary apparatus 


increases more rapidly as the wind speed increases than does that for 
the clothed body, resulting in a greater difference and a higher protec- 
tive ratio. 

In every case the Canton flannel (all cotton) and gray astrakhan 
(knit cotton back and wool pile) increased in protective ratio when 
the nap or pile was exposed to the wind or still air and the plain 
surface was next to the body. 

Placing the pile or nap on the inside lowered the insulation possibly 
by (1) exposing the larger mass of the fiber of the fabric to the lower 
temperature, and (2) crushing the pile or nap by contact with the 
body and thus reducing the amount of enmeshed air in the fabric. 

Table 2 shows the rating of the fabrics on the basis of their protec- 
tive ratio, percentage of enmeshed air, thickness, and mass. It will 
be noticed that wool flannel ranks lowest in mass and thicknep, 
fifth in percentage of enmeshed air, and fourth in protective ratio. 
Canton flannel is second in mass, fourth in thickness, and third in 
percentage of enmeshed air. This fabric ranks lowest in protective 
ratio when the nap is next to the body and fifth when the nap is out. 

2402— ao — 4 
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It would be necessary to handle more fabrics and to compare 
certain wool fabrics with other wool fabrics and certain cotton 
fabrics with other cotton fabrics in order to determine the relation- 
ship of the percentage of enmeshed air to the protective ratio for a 
group. 


Table 2. — Numerical ratings oj protective value, percentage of enmeshed air, 
thickness, and mass of various fabrics listed in order of protective value, beginning 
with the least protective 


Fabric 


Canton flannel (all cotton; nap turned in).. ... 

White knit goodji (wool and cotton) — 

White knit (all cotton) - 

Wool flannel (all wool) * 

(-anton flannel (nap turned out) 

Gray astrakhan (knit cotton back, wool pile, pile 

turned in) - - 

Gray astrakhan (pile turned out) 


Protective ratio 




— 



En- 

meshed 

Thick- 

Mass 

Still air 

Moving 

air 

air 

ness 






Oz. per 



Per cent 

Mm, 

8(1 yd 

1 

1 

3 

4 

2 

2 

2 

2 

3 

3 

S 

a 

1 

2 

4 

4 

4 

5 

1 

1 

5 

5 

3 

4 

2 

6 

f\ 

. 4 

.5 

r» 

7 

7 

4 

.5 

5 


Interesting problems suggested by the study are: The determina- 
tion of the heat conductivity of certain types of clothing fabrics; 
the effect of fitting, the effect of layers, and the effect of relative 
humidity and temperature on the protective value of clothing fabrics. 


CONCLUSIONS 

The following conclusions^are drawn from the data collected under 
the conditions of this study * 

The rating of the fabrics on the basis of increasing protective ratio 
was found to be the same in still air and in air moving at 2.2, 3, 4.5, 
and 8.5 miles an hour. 

The protective ratio of a fabric increases as the speed of the wind 
increases. An increase from 0 to 8.5 mil.es an hour corresponds to 
an average increase in protection of 5.67 per cent. 

When made into closely fitting covers, fabrics having a pile or nap 
afforded CTeater protection when the smooth surface was next to the 
body. This was found to be true in determinations made in both 
still and moving air. 



THE LIMITS OF ERROR OF THE BABCOCK TEST FOR 

CREAM 1 


By W. H. Martin, Profesaor of Dairy Husbandry ^ A. C, Fay, Associate Professor 
of Bacteriology^ and K M. Renner, Instructor of Dairy Husbandry, Kansas 
Agricultural Experiment Station 

INTRODUCTION 

Since its invention in 1890 the Babcock test for milk and cream 
has superseded all other fat tests in the United States and Canada. 
Ill this country it is now recognized by the Association of Agricultural 
Chemists as a standard method for butterfat determination. In 
Australia, New Zealand, South Africa, and the Argentine the Babcock 
test is used almost exclusively. 

Recognizing the necessity of protecting the financial interests of 
both sellers and buyers of butterfat, most States have passed laws 
which provide for the examination of cream testers to determine 
their proficiency. Most of these laws also stipulate the use of 
a(‘.curate glassware, weights, and other equipment, which must be 
approved. A system of periodic inspection by State authorities 
aims to insure efficient and honest testing. 

As used to-day, the Babcock test is essentially the same as it was 
when introduced. The accuracy of the test has been checked from 
time to time by various investigators. Webster (12, p. 17Y was one 
of the first to determine the value of the meniscus. He concluded 
that readings taken at the top, middle, or bottom of the meniscus did 
not give true percentages of butterfat as determined by the gravi- 
metric extraction method. It remained for Hunziker and his associates 
(C) in 1910 to suggest glymol as a means of eliminating the meniscus 
in reading cream tests. A few years later Spitzer and Epple (11), and 
Doan and his coworkers (2), in comparing the cream tests made by 
the Babcock and the fat-extraction methods, reported that readings 
with glymol approached closely the chemical analysis. 

Another phase of cream testing which has received some attention 
is the effect of souring on the test of cream. Farrington (S, p. 5), 
in studying this problem, reported no difference in the tests from a 
can of cream before and after souring. Hunziker and his associates 
(5) also demonstrated conclusively that there was no increase in the 
test of cream after souring. Their work showed, how^ever, that in 
some instances where cans of cream were allowed to stand uncovered 
for a considerable time in a warm place there was a slight increase in 
the cream test due to evaporation. 

Comparisons have been made by Dahlberg and his coworkers 
(1, p, 29), in which the Babcock test was checked against the Roese- 
Gottlieb and the Gerber methods. This work showed that duplicate 
Roese-Gottlieb tests made in the same laboratory generally agreed 
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within 0.16 per cent and tests made in different laboratories did not 
vary more than 0.5 per cent. The average of all the tests made by 
the Babcock and the Gerber methods was accurate to within 0.4 per 
cent or less. Ross and Mclnerney (»9) found in testing 64 samples of 
cream by the Babcock and ether-extraction methods that 35 tests 
checked within 0.29 and only 8 varied more than 0.5 per cent. A 
conclusion was reached by Siegmund and Craig {10) that Babcock 
tests for cream gave readings slightly higher than the ether-extrac- 
tion method due to the inclusion of some water and acid in the fat 
column. Nelson (5), in comparing 2,000 Babcock tests on market 
milk, found that the probable error of ±0.02 per cent was due 
mainly to the method of reading. 

PURPOSE OF THIS INVESTIGATION 

Considering the stipulations of the various State laws relative to 
the limits of error of fat tests, it seemed advisable to ascertain the 
normal fluctuation to be expected in applying the Babcock method. 
Obviously, it would be unfair to require an apprentice tester to 
attain a degree of accuracy that can not be attained by an experienced 
technician. On the other hand, if the limits of error permitted by 
any State law are too great, the intent of the law is defeated by 
allowing careless and incompetent testers in the field. 

The purpose of this investigation, then, is to measure the degree of 
normal fluctuation that may be expected in fat testing, with the 
ultimate aim of creating a better basis of judging the permissible 
limits of error. 

In this discussion the term error means any deviation from the 
true fat content as far as Jt is obtainable by the Babcock method. 
For a given can of cream there is only one true value for the fat content, 
and any other value is in error whether the deviation be duo to care- 
less technic or to factors beyond the control of the operator. It is 
reasonable to expect that several samples taken from the same can 
of cream may contain slightly different percentages of fat. The 
degree of this error, of course, will bo,, largely dependent on the 
thoroughness with which the cream has been agitated, but in any 
case some variation may be expected. These variations may result 
from the cream being too sour, thus rendering it difficult to procure 
a fair sample. Other errors undoubtedly result from imperfect 
weighing of the 9 gm. sample and from reading imperfect tests in 
which* the fat column has been too badly charred by the acid. In- 
dividuals may read the same test differently. The extent of this 
divergence depends somewhat on the degree of experience of those 
reading the tests, but varies also among those who have had exten- 
sive experience. 

This experiment has been organized so as to segregate some of 
these sources of error in order to measure their relative magnitude. 

PLAN OF THE EXPERIMENT 

The experiments reported in this paper have been so arranged as to 
measure the expected limits of error of the fat tests, the variation in 
readings hj several persons, the error which results from careless or 
hasty reading, and the effect of souring on the test. 
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A large number of Babcock determinations were made by an 
experienced tester on each of two 10-gallon cans of cream, and the tests 
were read by five persons. From the data collected it was possible 
to determine the extent and degree of variability of this test in the 
hands of a skilled operator. Mojonnier (7, p. 11) tests on those 
samples of cream also permitted a comparison of the Babcock and 
ether-extraction methods. Two other groups of identical samples 
were submitted to three laboratories in such a way as to eliminate 
the psychological factor of knowing the identity of the samples. 
Statisti(‘al analysis of the data not only reveals the extent and degree 
of variation as affected by the various segregated factors, but gives 
some basis of judging the limits within which normal variation may be 
expected. 

In taking all the samples for the experiments reported in this paper, 
unusual precautions were used in order to render the replicate samples 
as nearly identical as possible. The cream to be sampled was first 
poured back and forth from one can to another 10 times, and kept 
constantlv in motion with a stirring rod while 8 to 10 pint samples 
were removed with a dii)per. The cream was again poured back and 
forth 10 times before another group of 8 to 10 samples was removed. 
This process was re[)eated until the rc'fpiired number of samples was 
obtained. 

The Babcock test was made a(*.cording to the method of the Ameri- 
can Dairy Science Association (4). All test bottles used were cali- 
brated. The Mojonnier (7) tests were run according, to the directions 
whi(*h are supplied with the machine. 

RESULTS 

VARIATION IN THE READINGS OF DIFFERENT PERSONS 
Sweet Cream 

Eight 1-pint samples of sweet cream were taken according to the 
method previously (h'seribed, and 12 replicate Babcock tests were 
made on each sample. Each test bottle was passed down a line of 
five readers, each of whom read and recorded his test privately with- 
out knowledge of the value given by other readers. The readings 
were made in such a manner that not more than one minute elapsed 
between the first and last readings on any test bottle. There were 
96 tests and 456 readings made on this can of sweet (‘ream. (One 
reader failed to read the tests on two of the samples.) 

Some variation may be expected in the results of this method even 
when in the hands of a skilled operator or an experienced reader. 
The values established by the mean test plus or minus 3.2 times the 
probable error were arbitrarily accepted as marking the xipper-^and 
lower limits between which a tester or reader is practically certain 
(30 to 1 chance) that any average of duplicate determinations wiW 
fall. That is to say, the operator can be reasonably sure that in any 
reading outside of these limits the deviation is due to some factor 
other than chance variation. In the subsequent discussion of the 
data the limits established by a 30 to 1 chance will be regarded as 
the limits of practical certainty. 

Table 1 shows the minimum, maximum, and mean readings reported 
.on each of eight samples as read by five readers. For example, of 
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the 12 tests on sample 1 read by five people, the lowest test reported 
by anyone was 41.50, the highest 42.50, and the average of the 60 
readings 41.97 per cent. Similarly, Table 1 shows the minimum, 
maximum, and mean of the 456 readings on all samples to be 41, 42.50, 
and 41.76 per cent respectively. 

It must be borne in mind that the extreme readings are based on 
single tests and are not the averages of duplicate determinations. 
Since the average of the 456 readings of 96 tests, 41.76 per cent, is 
as near to the true test on this can of cream as these data will afford, 
it may be seen that the normal variation of single tests may account 
for readings as low as 41 or as high as 42.50 per cent fat. 

The individual readings of each person were treated statistically 
and the values for 3.2 times the probable error of duplicate tests 
included in Table 1. An examination of these figures shows that 
most of them range between ±0.45 per cent, and that the value for 
all readers on all samples was ±0.444 per cent. That is to say, it is 
practically certain that the average of duplicate readings would be 
between the limits of 41.76 ±0.444 per cent fat. 

The results reported by readers 1 and 2, who were more experienced 
with the test, showed less variation than those reported by the other 
readers. However, a low degree of variation is not necessarily an 
indication of more accurate readings. Undoubtedly there was some 
variation in the actual fat contained in the necks of the test bottles. 
The reporting of exactly the same value for each test bottle would 
indicate no variation, but might still involve erroneous reading. 
Nevertheless, it is logical to assume that the readings reported by the 
most skilled technicians (1 and 2) more nearly approximate the actual 
variation of the tests themselves, and that the higher variation 
reported by the other readers was due to less precision in reading. 
Readers 1 and 2 were practfcally certain not to make errors on dupli- 
cate readings in excess of ± 0.385 and ±0.390 per cent from the aver- 
age test. For readers 3, 4, and 5 any average of duplicate tests 
within ±0.434, ±0.483, and ±0.455 per cent fat from the mean test 
might be due to normal variation. Incidentally, it is of interest to 
note that the limits of variability in readiijg the tests were correlated 
with the extent of experience of the readers. 

The average of 30 replicate Mojonnier (7) tests on this can of cream 
was 41.8726, a value which exceeds the average of all Babcock readings 
by 0.1126 per cent fat. 


TabUe 1 . — Limits of normal variation of 4^6 readings of 96 fat tests on a single 

can of cream 


Sample No. 


1 

2 

3 

4 

5 

4 , 

7 

8 

All 


Fat readings, all readers 

Limits of a practical certainty dr (30 to 1 chance) in 
duplicate fat tests® by— 

Mini- 

mum 

Maxi- 

mum 

Mean 

Reader ] 

Header 2 

Reader 3 

Reader 4 

Reader 5 

Par cent 

Per cent 

Per cent 






41. 50 

42 50 

41.97 

0,220 

0.233 

0. 233 

0.371 

0.425 

41.00 

42. 50 

41.77 

.435 

.348 

.380 

.473 

.288 

41.00 

42. 25 

41.71 

.240 

,326 

.278 

,419 

.480 

41. (X) 

42.25 

41.70 

.249 

.381 

.390 

.360 

.700 

41.25 

42.50 

41.79 

.422 

.390 

.348 

.432 


41.50 

42.25 

41.83 

.848 

,288 

.313 i 

.300 


41.25 

42.25 

41.73 

.264 

.336 

.361 

.374 

,259 

41.25 

42.00 

41.60 

.358 

.102 

.240 

.329 

.188 

41.00 

42.50 

41.76 

.385 

1 .890 

,434 

,483 

.455 


0. 3B3 
.450 
.469 
.530 
.420 
.339 
.360 
,293 
.444 


» 3 Skprobable error of duplicate tests. 
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Sweet and Sour Cream 

The results obtained from the work reported in Table 1 indicated 
that a repetition of the experiment with some changes would be 
advisable. In Table 2 are reported the results of an experiment 
similar to the one reported in Table 1, except that ten pint samples 
were taken from a can of sweet cream and 16 Babcock tests were 
made from each sample. The can of cream was then pla(‘>ed at room 
temperature until it soured to a thick curdy consistency with an 
acidity of 0.45 per cent calculated as lactic acid, after which 10 more 
pint samples were taken and 16 tests made on each sample. Five 
persons read each test as in the first experiment. There were, there- 
fore, 320 tests on a single can of cream, each read by 5 persons; half 
of the tests were on sweet cream and half on the same cream after it 
had soured. The results in Table 2 are based on the 1,599 readings 
(one broken) from this can of cream. 

Table 2. — Limits of variation of 1^599 readings of 320 tests on cream before and 

after souring 



Sam- 

Fat rea<lmgs, all readers 

I.imits of a iiractical certainityi:(30 to 1 chance) 
in reading dmillcate test.s “ by— 












bfimple 

pie 











No. 

Mini- 

Maxi- 

Mean 

Heacler .Reader 

Reader 

Reader 

Reader 

All 



mum 

mum 

1 

2 

3 

4 

6 

readers 



Per cent 

Per cent 

Per cent 








1 

36 no 

37. 50 

36 98 

0 364 

0 230 

0.313' 

0 454 

0. 643 

0. 442 


2 

36. 50 

37 50 

37 OK 

,m 

. 3.52 

. 326 

.188 

.3.36 

.:150 


3 

30. 75 

37 50 

37 14 

2,59 

313 

.297 

291 

,326 

.323 


4 

36 25 

37. 50 

37 10 

.336 

.211 

.380 

297 

473 

.382 

Swwl cream 

5 

« 

36 50 
36. 00 

37 50 
37.50 

37.03 
36 87 

..339 

352 

.198 

374 

182 

553 

. 380 
313 

5.53 

.534 

.390 

.479 


7 

36.50 

38 00 

37 14 

339 

320 

534 

332 

553 

.437 


8 

36 25 

37. 50 

37 05 

307 

000 

224 

.172 

.470 

311 


» 

36 00 

37. .50 

36 99 

371 

345 

390 

3.58 

.470 

.421 


10 

30 25 

37 50 

37.02 

368 

179 

.294 

.276 

384 

.384 


11 

36. 00 

37 75 

37 03 

518 

348 

! . 528 

.508 

.489 

.541 


12 

36 IH) 

37 50 

36. 94 

:i39 

. 265 

.310 

.294 

457 

,403 


13 

36. 25 

37. 50 

36. 84 

.3,39 

.460 

t 380 

.371 

.396 

.436 


14 

36. 00 

37.50 

36.85 

, 361 

.246 1 

1 403 

.083 

.524 

.490 

Same cream after .sour- ^ 

16 

30 25 

37. 25 

36. 811 

. 160 

297 ! 

.348 

368 

425 ; 

370 

inf? 

16 

36. 00 

37.50 

36 89 ! 

428 

320 1 

403 

.438 

,409 

,445 

17 

36. 50 

37.50 

,36.97 

. .361 

371 

371 

, 339 

,377 

.m 


18 

36 00 

37. .50 

36. 84 1 

.457 

.419 , 

,409 

348 

.582 

.454 


19 

36 25 

37. ,50 

36 91 , 

, . 467 

422 ' 

400 

; .32:1 

.489 

.447 


20 

36 .50 

37. .50 

,36.92 

. 227 

208 j 

. 358 

i_.ao4j 

.310 

.330 

All 8ami)le8 sweet crean 

1 . 

36. 00 

38.00 

37.04 1 

1 3,56 

.309 

.415 

.338 

. 536 

.413 

All samples sour cream 


36.00 

37 75 

36 89 

1 399 

.382 

.417 

t 1 

. 392 

1 1 

.491 

1 

.443 

1 


“ 3.2 X probable error of dui)lujate tests 


Most of the readings on these tests ranged between 36 and 37.50 
per cent, a divergence which is comparable to the results reported in 
Table 1. There were two readings (not tests) reported by one person 
of 37.75 and 38 per cent, but his readings were not substantiated by 
the other readers of the same test bottle. 

The values for 3.2 times the probable error of duplicate tests confirm 
the values reported in Table 1 . A comparison of the values for sweet 
cream in Table 2 with those in Table 1 indicates that each reader 
has reduced slightly the limits of normal variation of his readings. 
This may be partly due to the experience obtained in the preceding 
experiment and partly to the fact that the cream had a slightly lower 
test. 
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The two parts of the experiment with sweet and sour cream were 
perfomied under as ncarJy identical conditions as possible. The same 
technician (No. 2) performed the tests, using the same methods and 
equipment. When the results for sweet and sour cream in Table 2 
are compared, it is at once evident that the sweet cream was given a 
higher test than the same cream after souring. The Mojonnier tests 
before and after the cream had soured are also noticeably different, 
being 37.6170 and 37.1125, respectively. The grand averages of the 
Babcock tests reported by reader No. 2 were 37.050 it 0.1365 and 
36.993 1 0.1691 per cent fat for the sweet and sour cream, respectively. 
The probable error values were based on 160 tests in each case. 

The question immediately arises whether the difference of 0.057 is 
sufficiently large to justify the conclusion that the soiu* cream contained 
less fat than the sweet. On calculating, it is found that the probable 
error of the difference is i 0.2173. Since the probable error of the 
difference between the mean tests for sweet and sour cream (0.2173) 
is nearly four times the actual difference, it is at once evident that the 
disparity between the means is well within the limits of norxnal varia- 
tion. 

If the probable error values in Table 2 are used as an index to the 
relative degree of variability of the tests on sweet and sour cream, it is 
noted that the values of all but one reader (No. 6) were higher on the 
sour cream. The greater difficulty of procuring a fair sample on thick 
curded cream is no doiibt responsible for the slightly greater variation 
evidenced in these results. 

VARIATIONS OF THE TEST IN THE HANDS OP AN EXPERIENCED TECHNICIAN 

Reader No. 2 made and read the tests in both experiments (Tables 1 
and 2), so that his results* are wholly applicable for interpreting the 
error of the method, whereas the results of the other readers are 
valuable only as a measure of the error of reading. The probable error 
of single tests based on his readings in the first experiment was ± 0.1 72 
per cent fat. In reading the 320 tests on sweet and sour cream, normal 
variation accounted for probable error values of ±0.136 and ±0.169, 
respectively. By calculating the values for 3.2 times the probable 
error of duplicate determinations, it is found that there is a 30 to 1 
chance that the normal variation of liis 96 tests reported in Table 1 
would not introduce an error of more than 0.390 per cent fat. In 
other words, he could be practically certain that the average of 2 
tests would be within 0,390 of the average of 96 tests. Similarly, from 
his re*sults on the sweet and the sour cream (Table 2), he could be 
practically certain that the average of duplicate tests would not be in 
error more than 0.309 or 0.382 from the result obtained by averaging 
160 tests on each. 

The application of the probable error of one technician's work to 
that of another, of course, must be done with reservations. It is 
evident that one individual may be more or less careful than another, 
and that the test may yield different results in the hands of an equally 
experienced operator. However, it is believed that these results do 
give some tangible evidence of the extent of variation which may be 
expected when the test is performed by one who has had extensive 
expeiii&nce with it. Although the specific decimal figures may not be 
directly applicable to the work of another individual of equal experi* 
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ence, the results afford a basis of judging the general quality of work. 
Any interpretation based on these data must be made with these 
limitations in mind and with due allowances for them. 

INTERPRETATIVE VALUE OF THE DATA 

In the Middle West the large centralized creameries have small 
cream stations within a radius of 500 miles of the plants. In these 
cream stations the operators buy, test, and ship the cream, which is 
brought in by the local dairymen. Even though field superintendents 
from the plants and representatives from the State dairy commis- 
sioner’s offline frequently check the fat tests of these operators, 
numerous (‘ases of fraudulent tests are on record, li is in the check- 
ing of such fraudulent tests that data such as are presented in this 
paper may be interpreted to the best advantage. 

For the sake of illustration, let it be supposed that a cream station 
operator had turned in an average of duplicate tests of 40.50 per cent 
on the same can of cream used in the first experiment. Let it be 
further supposed that the inspector (reader No. 2) got a test of 41.75 
per cent fat on the can of cream. The chances are 30 to 1 that the 
inspector’s average of 2 te^sts is not more than 0.390 from the “true” 
test or that the actual fat content of this can of cream is not outside 
the limits of 41.75 ±0.39 (41.36 and 42.14). Since the station opera- 
tor’s test (40,50) is beyond these limits the inspector is justified in 
assuming that the station operator is in error. On the other hand, if 
the station operator’s average of duplicate tests were 41.40 per cent, 
this value, being within the limits of normal variation of the inspector’s 
work, would not be subject to his criticism. 

The data in these experiments forcibly illustrate the necessity of 
making duplicate tests in order to enforce the stipulations of many 
of the State laws. In Kansas and in several other States, the laws 
regard any test as fraudulent if it is more than 1 per cent in error. 
This is interpreted to mean 1 pier cent of the fat purchased and not a 
1 per cent reading on the neck of the bottle. For example, in buying 
100 piounds of cream containing 37 per cent fat, any test beyond the 
limits of 37 ± 0.37 would defraud the buyer or seller of more than 1 
per cent of the fat purchased. In other words, the reading of the test 
in this case must be accurate within 0.37 of the true test to comply 
with the State law. The results obtained by reader No. 2 with the 
sour cream, which tested apjiroximately 37 per cent, will be used to 
illustrate the fact that an inspector could not enforce this stipulation 
of the law if only single tests were used. The probable error of a 
single test on this cream was ±0.169, and 3.2 times this value estab- 
lishes the limits of certainty at ±0,54 per cent. In other words, the 
inspector has demonstrated that normal variation in his own work 
may account for an error as great as ± 0.54 in the reading of a single 
test. 

If the cream station operator’s test on this can of cream were 36.50 
and a single test by the inspector were 37, he could not enforce the 
statutes, even though the disparity between tests exceeded the legal 
tolerance of 1 per cent of the fat purchased. In other words, the 
normal variation of the method is likely to exceed the stipulations of 
the statutes. In fact the data indicate that the normal variation of 
duplicate samples is just barely within the limits of the 1 per cent 
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tolerance. Again using the sour cream as an example (Table 2), this 
inspector has demonstrated that the average of duplicate tests may 
account for variations as great as ±0.382, which is almost identical 
with the statute limitations in testing 37 per cent cream. It is 
evident that in order to comply with a legal tolerance of 1 per cent 
variation in testing, duplicate determinations must be employed. 

EFFECT OF CARELESS READING 

The limits of accuracy of the Babcock method arc so near the 
stipulations of many of the States^ laws that precision in every step of 
the jprocess is requisite. This is well illustrated in the highly variable 
readings of the tests reported by reader No. 6. (Table 2.) Although 
this man had had several years experience with the Babcock method 
and the manipulation of the test constituted one of his daily routine 
duties, his work was characterized by more speed than accuracy. 
When the probable error values for reader No. 6 (Table 2) are 
compared with those of the other readers it is seen that in nearly 
every case his variations are between wider extremes than are those of 
the other readers. The limits of variation for the most experienced 
readers (1 and 2) are just barely within the limits of accuracy 
demanded by the State laws. The errors resulting from less experi- 
ence on the part of the other persons (3, 4, and 6) or lack of precision 
in reading are sufficient to render it doubtful whether they would 
always comply with the demands of the law. 

Table 3.— Distribution of 1^599 readings of WO tests on sweet creanty and 160 
tests on the same cream after souring 


SWEET CREAM 



1 

1 

1 

1 

2 

4 

TO 

16 

19 

46 

10 

55 

21 

7 

30 

36 

22 

80 

103 

64 

81 

54 

20 

14 

16 

22 

9 

12 

16 

2 

5 

4 






f 

1 

i 



i 

1 


.... - , .J 





Total ' 

^1 

1 

145 

no 

391 

81 

39 

1 1 

Total for sweet and | 

11 1 









sour cream, 

1 

25 

I 

197 

187 

829 

203 

144 

2 

1 


Table 3 'shows the distribution of the 1,599 readings of 160 tests 
on sweet cream and 160 tests on the same cream after souring. A 
study of this table shows that most of the extreme readii^ on both 
sweet and sour cream were made by one reader (No. 6). The method 
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of tabulating the individual readings of the tests made it possible 
to check the work of each reader against that of other readers. In 
one case, for example, reader No. 6 reported a test of 36 per cent, 
whereas all the other readers recorded 37 per cent for the same bottle. 
It is evident in this case that the 36 per cent reading was erroneous 
and represents a variation due to inaccurate reading rather than to 
fluctuation in the test. In all cases where the extreme readings of 
36, 37.75, and 38 per cent were reported, it was found that these 
were the result of erratic reading of a single reader, and did not 
represent the opinion of the other readers. 

On examination of the data it was found that all but 2 of the 25 
readings of 36.25 per cent were likewise the result of erroneous read- 
ing and did not conform to the readings of the majority. In other 
words, with 2 exceptions, the correct readings of the fat columns of 
the 320 tests should have been between the extremes of 36.50 and 37.50 
per cent. Obviously, in calculating the error of the test all readings 
whether (H)rrect or not must be included, but in interpreting the 
actual variation of the fat columns in the necks of the bottles, elimi- 
nation of apparently erroneous readings is justified. 

Table 4. — Variatiom in weighing aixieen 9-gm. namples of creain for the Babcock 

test 


[All weighiiiRS mack* by tho sanio U'chmciau] 


I 

Weight of 1 

Weight of 

Weight of 

SHlUpll* 1 

j 

Mample 

sample 

Grams i 

Grams 

Grams 

8 am 1 

8 9774 

9. 0044 

8 W)32 1 

H 9890 1 

8. 9747 

8 9998 1 

9 (H)59 1 

8 9872 

8 9908 ! 

8 9(m j 

9 0079 

8 9892 1 

8. 9980 1 

8 9939 

8 9988 

1 

Mean.. 

8.9917 


Staiidanl (kviation 0 0112 

Oopflicionl of vanabilitv. 1245 

Probable error, single weighing i 007.') 


Probable error, duplicate weighings ±.0053 

32 X Probable error, single weighing ±.0240 

3.2 X Probableerroi, duplicate weighinps.., ±.0169 


ERHOR IN WEIGHING THE SAMPLE 


A certain amount of the variation in the results with the Babcock 
test is undoubtedly due to erroneous weighing. In order to measure 
the extent of this source of error 16 bottles were carefully weighed 
on analytical balances before and after admission of the sample.* An 
important aspect of this experiment was that the technician who 
weighed all tne samples was not aware of this check on his work. 
The results are given in Table 4. The extremes of the weighings 
of cream were 8.9641 and 9.0079 gm., with a mean of 8.9917 ^m. 
Only 3 of the 16 weighings were in excess of 9 gm. The weighing 
most closely approximating 9 gm. was 8.9998 or 0.0002, and the 
most erroneous weighing was 8.9641 or —0.0359 gm. The values 
for 3.2 times the probable en*ors for single and duplicate weighings 
were 4-0.0240 and 4-0.0169 gm., respectively. That is to say;, the 
technician in this case could be practically certain of weighing a 
single sample within 4-0.0240 gm. of the mean weighing (8.9677 to 
9.0167 gm.). Similarly, he Cvould be practically certam that the 
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average of duplicate weighings would not be more than i 0.01 69 
gm. from the mean (8.9748 to 9.0086 gm.). 

The error of 24 mgm. in weighing 37 per cent creani would cause a 
variation of 0.1 per cent (0.098) in the reading in the neck of the 
bottle. Since the liiriitwS of practical certainty of testing cream 
(based on single sample for reader No. 2) were found to be ± 0.54 per 
cent of fat, it follows that about one-fifth of his variation may be 
traceable to errors in weighing. 

LIMITS OF VARIATION OF THE BABCOCK TEST WHEN UNKNOWN SAMPLES 

ARE TESTED. 

In the experiments reported in Tables 1 and 2 the readers wT-re 
aware of the fact that the tests were all made from the same can of 
cream and that the readings, therefore, should be essentially the 
same. It was recognized that this factor might reduce the error by 
minimizing the probability of large errors. In order to eliminate 
this factor, three lots of cream containing approximately 36, 37, 
and 37.75 per cent fat, respectively, were prepared, and identical 
samples of each submitted at different times to each of three labora- 
tories. The numbering system employed and the close proximity 
of the fat tests gave the tester no clue to the identity of the sample 
being tested, although the technician was aware that his work was 
being checked. It should be mentioned that these samples were 
very carefully prepared bv the method used in the other experiments, 
except that approximately 0.03 per cent formaldehyde was adde<l, 
the screw-ca]) sample jars dipped in melted paraffin, and the samples 
kept at 35° to 40° F. until tested. 

Table 5. — Frequency distrihuhon of fat test readings on three samples of cream 
reporthi by three laboratories 

SAMPLE NO, 1 


Number of readings at per cent indicated 



35 

35,5 

36 

36 5 

37 

37,6 

38 

38.5 

, 




11 

33 

3 

13 



1 

1 

1 

12 

8 

58 

80 

15 

1 

— 









^'otal 

4 

1 

1 

31 

173 

18 

14 






SAMPLE NO. 2 







0 

1 

1 

1 


1 



2 

1 

8 

3 



3 

4 

11 

3 










Total, 

2 

11 

20 

7 

1 


1 











Totai. 


2 

1 

5 


2 

7 

5 

a 

1 

1 

14 


5 

0 

24 

3 


SAMPLE NO. 3 
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Tablk 6 . — Variation of fat teats on three samples of cream reported by three 

laboratories 


SAMPLE NO. 1 


Laboratory No. 

1 - 

2 . -- . 

3 - . 

Te.sts 

Number 

(V2 

«2 

88 

JIxtreme 

Low 

Per cent 

30 b 
35. 0 
30 5 

readings 

Uigb 

Per cent 
38.0 
38 0 
37 0 

Average 

reading 

Per cent 
37. 14 
37 00 
30 9.5 

Limits of 
practical 
certainty 
in te.sting 
duplicate 
samples « 

zt 

0. 74 
.80 
.19 

Total. - 

242 1 3.5.0 

^\MPLE NO 2 

38 0 

37, 04 

.67 

1 

10 

35. b 

38 0 

30 t).5 

1.25 

2], ' 1 , ' ' / / 1--.' 

14 

3.5. 0 

30 .5 ; 

3.5. 93 

.74 

3 

18 

3.5 5 

30 .5 1 

3.5 97 

48 

Total. - - - - 

42 

35. 0 

38 0 

3.5. 97 

.80 


‘SAMPLE P 

<0. 3 




1 . - .. 

8 

;,7 0 

' 38 0 

.17, 68 

.04 

2 . . - 

18 

30 .5 

‘ 38 r> 

37. 09 

1.12 

3 - 

10 

37 0 

38. 0 

I 37 90 

42 

Total 

42 

36 5 


i " a? 77 

. 07 


« 3 2 tuii(*s piobiible error of diiplu’ate 


Table 5 shows the distribution of the readings reported by the three 
laboratories on the three samples. In two of the laboratories (Nos. 1 
and 2) some difficulty was experienced at first in testing the preserved 
samples, and although the tests were eliminated until the difficulty 
was overcome, it may account for part of the variation in the results of 
these two laboratories. Table (>, based on the data from Table 5, 
shows the degree of variation of the results to be considerably larger 
than was reported in Tables 1 and 2. It may be observed that the 
limits of a practical certainty in making duplicate tests of sample 
No. 1 were marked by ± 0.74, ±0.80, and i 0.19 per cent fat for each 
of the three laboratories. Although the average readings reported 
by the three laboratories were not so widely divergent, the extreme 
readings were very different. The results show that the error of 
testing may be greater than the preceding experiments would indicate. 

TABiiE 7. — Frequency distribution of fat test readings on 44 identical sampler of 

cream ® 

(Work performed m routine manner at one laboratoiyl 


Number of readings at pier cent indicated 


[ 32.5 

30.5 1 37.5 1 37.76 

38.0 

38. 26 

38. 5 

39.0 i 

i ‘ 

■"Ti' 2r‘2 

23 

7 

5 

2 1 


« In this ca.se the extreme low and high readings were 32.5 and 41, respectively, the average reading was 
37 S)7, arid the limit of practical certainty in testing duplicate samples (3.2Xi)robable error of duplicate 
tests) was ±3.23. 

As previously mentioned, the technicians were aware that their work 
was being checked, and, no doubt, may have taken more care in the 
analyses than regular routine samples would have received. In order 
to measure the influence of this factor on the error of testing, 44 
identical samples were prepared with the same care and precision as 
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used in mixing samples for the preceding experiments. These samples 
were sent to one laboratory, a few at a time along with a large number 
of other routine samples. In this case the tester not only was unaware 
of the identity of the samples but he was unaware of the fact that he 
was testing some identical samples in the routine of his day^s work. 
The results reported in Table 7 are surprisingly variable. 

It may be observed that the tests varied between the very wide 
extremes of 32.5 and 41 per cent fat, and that other wide variations 
were reported. This table also shows the limits of a practical cer- 
tainty to be 3.23 per cent above or below the mean. Even though 
the results of this experiment were obtained under practical conditions 
and from a i-eputable laboratory, it is difficult to believe that they 
aie mpresentative of widespread conditions. The test of 32.5 per 
cent might easily have been the result of a 5 per cent error in reading 
the spread of the dividers on a 37.5 per cent test, but one can hardly 
explain the misreading of duplicate test bottles on this basis. Simi- 
larly, one ( an easily explain the 41 per cx?nt reading by assuming a 
slip of the dividers over 3 points on a 38 per cent test, but the reports 
from this laboratory were supposedly made on the basis of the average 
of duplicate tests. 

Whether or not the results are representative of routine testing, 
they do show that when check testing was done in the same laboratory 
(Table 6) much more careful work was reported. In other words, 
there is a marked tendency to pay less attention to precision in 
routine procedure than when one is aware that his work is being 
checked. 

SUMMARY AND CONCLUSIONS 

In this series of experiments an attempt was made to measure the 
limits of error of the Babcock test for cream. A large number of 
tests were made on a single can of sweet cream, an(i, in another 
trial, on cream before and after it had soured. The tests were read 
by several readers, both exjierienced and inexperienced. In one ex- 
periment identical samples of cream were sent to three laboratories 
for analysis. In another case samples were sent to one of these 
laboratories under conditions which prevented the operator from 
knowing that he was testing check samples, 

The results of the first trial, consisting of 456 readings, indicah' 
that the practical limits of variation of the test were 0.444 per cent. 
The second trial substantiated the results of the first, showing the 
limits to be 0.413 per cont on sweet cream and 0.443 on sour cream. 

The extent of the error depended somewhat on the experience of 
the reader. However, the tendency of the reader to do precise work 
was found to be more important than experience. 

The distribution of 1,599 readings on a can of sweet cream and the 
same cream after sourihg followed the normal curve with 97.5 per 
cent of the readings falling within approximately 0.5 per cent of the 
mean. The difference between the results obtained with sweet cream 
and sour cream was lieyond the limits of normal variation of the 160 
tests but was within the limits of normal variation when only dupli- 
cate tests were employed. 

Cream samples which had been weighed into 9-gm. test bottles 
were reweighed on an analytical balance and found to check very 
elosely to the correct weight. The error due to weighing was mspon- 
siMe for only about one-mth of the total variation of the test. 
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The results obtained when submitting samples of known and un- 
known identity to three laboratories indicate that the error of routine 
testing is much greater when the operator is unaware that his work 
is being checked. 

In the enforcement of laws |)ertaining to testing it is important 
that the limits of error of the test be taken into consideration by 
the inspector. These data indicate that in most cases an inspector 
can not be practically certain that a single test will be closer than 
0.5 per cent to the correct test. When this normal variation in his 
own work is ignored in interpreting the disparity between the in- 
spector's and station operator's tests, it may in some instances 
erroneously show the operator to be a violator of the law. An error 
of 0.5 per cent on the test on cream containing less than 50 per cent 
fat would introduce an error in excess of 1 per cent of the amount 
of fat purchased. This is in excess of the legal tolerance recognized 
by many States. 

The results of these experiments, although not strictly applicable 
to other workers, show that the technician involved could not be 
certain that single tests on 37 and 40 per cent cream would.be closer 
than d 0.44 to £-0.55 per cent fat, or that the average of duplicate 
tests would be closer than i0.31 to iO.39 per cent fat. 
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GENETIC CHARACTERS IN RELATION TO CHROMOSOME 
NUMBERS IN A WHEAT SPECIES CROSS ^ 


By F. J. Stevenson - 

Aas'iMant Profetisor of Plant Genetiat^ Minnesota Agricultural Experiment Station 

INTRODUCTION 


Combined genetic and cytological studies of wheat species and 
hybrids between them are used for the information that they give 
concerning the phylogenetic I’elationships of the species. They are of 
interest from the standpoint of plant breeding also, since, in order 
to attack intelligently a breeding problem by the method of hybridi- 
zation and selection, it is necessary to know the readiness with which 
the characters of the i)arents can be re<‘ombined in the progeny and 
the limitations involved. Species crosses have been used only to a 
limited extent as a means of obtaining improved varieties of wheat, 
and only a very few results of practical value have been secured. 
It is possible that much wider practi(‘al use could be made of such 
crosses if a more thorough knowledge wTre available concerning their 
genetic and cytological behavior. 

REVIEW OF LITERATURE 


The cultivated species of wheat {Triticum L.) on the basis of their 
chromosome numbers belong to three different groups — the einkorn 
group {T. monococenm L.) with 7 pairs of chromosomes, the einmer 
group {T, durum Desf., T, polonicum L., T. dicoccum Sch., and T. 
furgidurn L.) with 14, and the vulgare group {T. vulgare Vill., T, 
com pactum Host., and T, .spelta L.) with 21 pairs. The various 
cytological results obtained in crosses between different species of the 
three groups and the amount of sterility in the hy^brids have been 
used as an indication of the probable relationship between the species. 

The chromosome behavior in pentaploid hybrids between the 
emmer and vulgare groups has been described by Kihara (7),*^ Sax 
(f 1 ), Watkins (16'), and Thompson (14)- The hybrid in these crosses 
receives 14 chromosomes from one parent and 21 from the other. At 
the metaphase of the first reduction division of the Fi, 14 bivalents 
and 7 univalents are found, the 14 emmer chromosomes having paired 
presumably with 14 from the vulgare parent. The bivalents behave 
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normally in both divisions. The imivaleiits lag until the members 
of the bivalents have left the equatorial plate, then split equationally 
and go to the poles. In the second division, the univalents go to the 
poles at random. Some irregularities are found, such as the loss of 
univalents or the failure of univalents to split at the first division. 
On this basis, gametes formed by the Fi would vary in the number of 
chromosomes from 14 to 21, 16, 17, and 18 being probably most 
frequent. Watkins {1?) studied meiosis in the megaspore mother 
cells and came to the conclusion that the same course is followed in 
the rediu’tion divisions of both the megaspore and microspore mother 
cells, the loss of chromosomes occurring about as frequently in one 
as in the other. 

In the crosses of emmer and vulgare wheats, Sax {12, IS) found a 
striking association between chromosome numbers and morphological 
characters. A large proportion of the F2 and F3 sepegates resemble 
one parent or the other, a preponderance resembling the emmer 
parent. In F2 and following generations, the only fertile segregates 
arc those having 14 chromosome pairs and resembling the emmer 
parent, or those with 21 pairs and resembling the vulgare parent. 
Some of the fertile segregates, however, may'have one or two charac- 
ters that are typical of the other type, but there is no evidence that the 
typical and desirable characters of the parents have ever been com- 
bined in a single variety of economic value. 

The desirable characters include resistan(*e to black stem riist, 
Puccinia graminu trilici Eriks, and Henn., and apparently Sax 
believes that it is quite improbable that a variety of the vulgare type 
could be obtained fi-orn such a cross with the rust resistance of the 
durum parent. 

The report of Thompson (14) shows that the correlation between 
chromosome numbers and morphological characters is not so great 
as that suggested by Sax. In a cross of Triticum vulgare X T. durum, 
he studied the inheritance of resistance to stem rust and 13 pairs of 
characters which distinguish T. durum from T. mlgare. His results 
agree with those of Sax except in a few instances. He obtained more 
intermediates in the F2 and F3, although these tended to disappear in 
the F3 and later generations. The plants with 14 pairs of chromo- 
somes were of the durum type, and tho&e with 21 pairs were of the 
vulgare type, but most plants of each type showed a few characters 
of the other type. A few vulgare plants were found resistant to stem, 
rust, but to a lesser degree of resistance than that found in the durum 
parent. It would seem from this that any desired recombination of 
characters could be obtained. 

In studies conducted with spring wheat using the genetic mode of 
attack, Hayes et al. (5) found that in crosses between a durum resist- 
ant to stem rust and a vulgare susceptible to it there was an indica- 
tion of linkage of the durum characters and resistance. They show, 
however, that if lar^e enough numbers are used, it is quite possible to 
get the desired combination of durum and vulgare characters. From 
one of these crosses between Marquis (Triticum mlgare) and lumillo 
(JT. durum) a fertile homozygous variety of wheat of the vulgare type 
has been obtained. This variety, Marquillo, a brief description of 
which is given by Hayes and Garber (4), has 21 pairs of chromosomes, 
is about equal to the vulgare parent in milling and baking qualities, 
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and has at least two genetic factors for stem-rust resistance which it 
inherited from its durum parent (6), It is susceptible to root rot, 
another character obtained from the durum parent. Hayes and 
Garber (4) also report some important results which have been 
obtained by McFadden in South Dakota. From a cross of Emmer 
(T. dicoccum) and Marquis, several wheats of the vulgare type highly 
resistant to stem rust were produced. Hope, one of these varieties, 
has not been tested sufficiently to determine whether it will be very 
valuable as a commercial variety. As stated by Clark and Auseinus 
(3) the immunity of Hope wheat from black stem rust and other dis- 
eases can be transmitted readily to selections from crosses with other 
vulgare varieties. 

A. A. Sapehiii (9) confirms the facts obtained by Hayes et al. In 
crosses botweeu Triiicum vulgare and T. durumy he found, as usual, a 
very complicated segregation of genetic characters. He obtained a 
large number of recombinations of the characters of both parents. 
Three of the vulgare types were resistant to Hessian fly, a character 
which they inherited from the durum parent. A most interesting 
type of plant obtained in this study from the cytological standpoint 
contained 3(> chromosomes (16 bivalents and 4 univalents). This 
remained constant in chromosome number and morphological char- 
acters for a period of six years. This seems all the more remarkable 
since Kihara considered this a sterile, combination. L. A. Sapehin 
{10) gives a report of the durum segregates of crosses of T, durum and 
T. vulgare, A cytological examination shows balanced sets of 28 
(’hromosomes in these segregates, but the presence of so many vul- 
gare characters indicates that, though the parental number has been 
retained , the sets dilfer qualitatively. In this work again is mentioned 
segregates resistant to Hessian fly and to drought. 

In view of the seemingly conflicting results which have been ob- 
tained by difl’erent investigators, it is evident that much more work 
must be done with species crosses before the problem is solved entirely. 

MATERIAL AND METHODS 

The investigation reported in this paper was undertaken as a com- 
bined genetic and cytological problem to determine if possible the 
relationships between chromosome numbers and genetic characters 
in a cross between Velvet Don {Triiicum durum) and Quality (T. 
vulgare Host.) and to throw more light on the feasibility of using such 
crosses in breeding improved varieties of wheat. 

The cross was made in 1925, and the genetic and cytological studies 
of the Fv, F2, and F3 were carried on during the years 1926, 1927, 
and 1928, respectively. Cytological material of about 100 F2 plants 
was examined, but definite chromosome counts and genetic results 
were obtained for only 24 of them. About 500 F3 plants were ex- 
amined in the same manner, results being secured for 68 of these. 

Velvet Don has 14 pairs of chromosomes; a prominent keel extend- 
ing the full length of the outer glume; a prominent collar which is a 
structure extending completely around most of the stems at the base 
of the lowest spikelet; a solia stem in the internode just below the 
spike; long, narrow glumes; a rachis intemode length of about 3.6 
mm. ; long awns ; heavily pubescent glumes ; and red seed. It is highljr 
^ \ rjgsistant under field conditions to stem rust {Puccinia graminu 
tritici) and to leaf rust (P. triticina Eriks.). 
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Quality, on the other hand, has 21 pair of chromosomes; a less 
pronounced keel extending only part of the length of the glume; 
collar absent or extending only part way around the stem; hollow 
stem; shorter and wider glumes than are found in Velvet Don; an 
internode length of about 0 mm., tip awns, glabrous glumes, and white 
seed. It is susceptible to both stem and leaf rust in the field. 

Characters such as chromosome number, keel form, collar, stem 
cavity, glume shape, and internode length, as contrasted in Velvet 
Don and Quality, distinguish nearly all durum from vulgare varieties; 
the other characters are common to both species. 

The seed for the Fi of this cross was turned over to the writer by 
Dr. H. K. Hayes of the Minnesota Agricultural Experiment 
Station. The F\ plants were grown in an isolated plot to prevent 
crossing with other wheats. The F3 lines were grown in the plant 
pathology nursery at University Farm, St. Paul, Minn., where they 
were subjected to an artificial epidemic of stem rust. A heavy leaf rust 
also was obtained on the F3 lines, although quite by a(‘cident. Evi- 
dently the spray used to induce the stem-rust epidemic carried leaf- 
rust spores as well. Rust notes were taken on individual plants in the 
field. Notes on other plant characters were determined on a single 
head of each individual plant in the laboratory. To obtain the rachis 
intemode length, 10 intemodes, beginning with the second from the 
base, were measured in millimeters. The average of these 10 was taken 
as the index of intemode length. The percentage of seed set as an 
indication of sterility was taken on the F, plants by counting the total 
number of heads in a line, obtaining the average number of spikelots 
per head and the total number of seeds produced. Two seeds per 
spikelet were used as 100 per cent fertility, and the percentage of seed 
set was calculated on* that basis. In the F3 data, the plants were 
placed in five groups on the basis of their fertility. The plants in 
Group 1 were completely fertile, those of Group 2 about 75 per cent 
fertile, Group 3 about 50 per cent, Group 4 about 25 per cent, while 
Group 5 was completely sterile. A few plants were designated 5— to 
indicate almost complete sterility. 

It was part of the plan to make a study of the rust reactions in the 
seedling stage of the segregates of each of, the generations in the green- 
house. As a preliminary to such a study, the parents, Velvet Don 
and Quality, were tested in the greenhouse in the winter of 1925-26. 
Although Velvet Don has been known to be highly resistant to stem 
rust in the field for 20 years, it was found to be very susceptible in 
the seedling stage in these tests. Both Velvet Don and Quality were 
inoculated with 14 different physiologic forms of stem rust. Velvet 
Don was^ found to be susceptible to all of them, but Quality showed 
some resistance to forms Nos. 10, 19, 23, 27, and 38. (Table 1.) 

Table 1. — The reaction to stem rmt of wheats Puccinia graminitt tritici, of Velvet 
Don and Quality in the needling stage in the greenhouse 


[In this table, the symbol R stands for resistant, MR moderately resistant, MS moderately susceptible, 

and s susceptible] 
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From these tests, it was evident that no segregation could be 
expected in reaction to many of the physiologic forms in the seedling 
stage in the greenhouse, since both of the parents were susceptible to 
many of the forms. The rust tests were made, therefore, in the field, 
and in order that the readings might be comparable all plantings were 
made on the same date. This was a disadvantage from the stand- 
point of the cytological studies, since it gave only a short period of 
time in which good material could be obtained. 

Chromosome counts were made in the meiotic divisions of the pol- 
len mother cells. Belling^s ( 2 ) iron-acetocarmine method was used 
to examine the anthers in order to obtain the right stages. The an- 
thers found to be in the proper stage of development were fixed in 
Allen’s { 1 ) modified Bonin’s solution. The usual method of making 
permanent slides for such material was followed. The sections were 
cut from IOm to 15^ thick, those with a thickness of 12.5m giving the 
best results. A few of the slides were stained with Haidenhain’s 
iron-alum haeniatoxylin, but for most of them a modified triple stain 
combination was used. By this method, a nice contrast was ob- 
tained between the chroinatin material and the cytoplasm by stain- 
ing in a 1 per (‘ent aqueous solution of safranin for one hour or more. 
If chromosome counts only are rec|uu‘ed, the gentian violet and orange 
(5 of tlie triple stain may be omitted, which is an advantage from the 
standpoint of time and expense. 

Chromosome counts were made in the metaphase or early anaphase 
of the first division. The number of bivalents and univalents were 
obtained, and in most cases the number of univalents were chocked 
ill the side view of the metaphasc. 

GENETIC AND CYTOLOGIC DATA 

Only a few chromosome counts were made of the parents of the 
Velvet l^on X Quality cross, but these were enough to verify the fact 
that Velvet Don cytologically w^as a typical durum with 14 pairs of 
chromosomes behaving regularly, and Quality was a viilgare with 21 
j)airs. The characters of each of the ])arents have been described in 
Material and Methods. 

The Fi, as has been reported before for such crosses, has a total of 
21 chromosomes in the metaphase of the first division — 14 bivalents 
and 7 univalents. This was verified by the total of 35 found in the 
early anaphase of the first division before the univalents had split. 
The Fi plants had a keel and collar similar to the durum, although 
there w ere frequent variations resulting in an intermediate condition 
for these characters. The stem cavity and glume shape were inter- 
mediate between the parents. The pubescence and red seed color of 
the Velvet Don were dominant. The beards were intermediate. 
The Fi plants were not artificially inoculated to obtain an ejjidemic 
of stem rust, but a trace to 5 per cent of rust was observed, the shape 
and size of the pustules clearly indicating susceptibility. 

The F, plants were spaced about 6 inches apart in the field, to 
give an opportunity for tillering. One hundred and forty-seven 
plants were grown, and these produced 1,278 heads, or on the aver- 
age about 8.7 heads per plant. Fifteen hundred and eighty-four 
seeds w^ere harvested. On the basis that there were on the average 
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12.5 spikelets per spike, and that two seeds per spikelet constitute 
perfect seed setting, the Fi plants set seed to the extent of about 5 
per cent. 

The chromosome counts and genetic results obtained for the 
parents, Fi and F 2 are given in Table 2. 


Table 2. — Chromosome numbers and characters of parents ^ Fi and F2 plants of the 
Velvet DonXQuality wheat cross " 
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a Symbols used in tables: u, bivalents; i, univalents; D, diirumlike, V, vulparelike. I, intermediate; B, 
tieardless or tip awned as the vulgare parent; b, l>earded: I*, pubescent; p, glabrous, K, led, r, white 


Five F 2 plants had 42 chromosomes as the somatic number. One 
had 38; 1, 35; 1, 32; 2, 30; 3, 29; and 11, 28. 

Three of the 42-chroinosome plants had as many as 3 of the 4 differ- 
entiating characters — keel, collar, stem cavity, and glume shape — 
inherited from the durum parent. The other 2 plants of this group 
had 2 such characters. The 38-chrornosome plant had a durum 
keel, but vulgare collar, stem cavity, and glume shape. The plant 
with 35 chromosomes had a durum keel and collar, with a vulgare stem 
cavity and an intermediate glume shape. The plant with 32 chromo- 
somes was diirumlike in the four differentiating characters. Plant 
571-5 with 30 chromosomes was durumlike in keel, collar, and glume 
shape, but had a vulgarelike stem cavity, while the other 30-chroino- 
sorne plant, 571-12, had all four of these characters durumlike. Two 
of the three 29-chromosome plants were durumlike in all 4 of these 
characters, but the other one had durum keel, collar, and stem cavity, 
with a vulgare glume shape. The 28-chromosome plants showed a 
somewhat greater association between chromosome number and 
surum characters than did those with 42. Four of the 28-chromo- 
dome group had all 4 of the differentiating characters durumlike, 







July 16 , 1930 Genetic Characters and Chromosome Numbers in Wheat 167 


4 others had 3 such characters, 2 had 1, and 1 was vulgarelike for all 
4 of the characters — keel, collar, stem cavity, and glume shape. 

On the basis of chromosome numbers, it is sc^en that the results 
obtained are similar to what has been described by other workers for 
such crosses; that is, more 28's and 42^s and fewer intermediates than 
would be expected if gametes with from 14 to 21 chromosomes were 
formed in the theoretical ratio, and a random mating of these gametes 
took place in the production of viable zygotes. 

In a number of the F 2 plants, frequent end-to-end pairing of some 
of the bivalents was observed. Trisomes and tetrasoines were also 
found. 

Cytological material of a large number of plants of the F 3 lines was 
examined, and notes were taken on the morphological character of 
each one. Chromosome counts and genetic characters were obtained 
on 68 plants, and this report will inchide only the results from these. 
The progeny of the 42-chromosome plants were studied first, as the 
vulgare type is of more interest to thejjlant breeder. The F 3 line 
No. 7 is the progeny of a 42-chromosome plant. The data on chromo- 
some immbers and genetic characters are given in Table 3 . • 


Table Z --Chromosome numbers and characters in an plant {ofiJ-S) and the 

F‘i line derived from it 
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« Symbols used- -With refereuce to loaf or .stem rust T, trace: k, resistant, SR, semiresistant, S, .suscep- 
tible The numl)er.s Kive the percentage of rust found For other symbols u.sed see footnote «, Table 2. 

Xumliers indicate dBt?ro©« of sterility as follows. 1, completely fertile; 2, about 76 jiei cent fertile, 3, 
about 50 per cent fertile, 4, about 25 per cent fertile; 5—, almost completely sterile, 5, comjdetel.v sterile. 


Thirteen plants of this line were all in the 42-chromosome group. 
This would indicate that the line is uniform for chromosome number 
and might be expected to remain constant in later generations. 
Univalents were found occasionally, but not more frecpiently than in 
the vulgare parent. A photomicrograph of a pollen mother cell of 
plant No. 7-1 (pi. I, A) shows the bivalents grouped on the equa- 
torial plate with two univalents, one on either side of the plate. 

With only 13 plants to choose from, the data show some interesting 
combinations of durum and vulgare characters. The F 2 parent 
plant resembled Velvet Doh in keel, collar, glume shape, beards, 
and seed color, and Quality in stem cavity ana pubescence. Segre- 
gation, as shown hj the F 3 line, took place for keel, collar, glume 
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shape, and seed color. Twelve of the plants had hollow stem cavities 
such as are found in the viilgare parent. One was classified inter- 
mediate, but this may have been a yulgare also with slightly thicker 
culm walls than is usually found in the vulgare types. The F2 
parent plant was bearded and should have bred true tor this charac- 
ter, One F3 plant, 7-12, was classified as intermediate for beards, 
but this may have been caused by field hybridization. All the 
plants of the line studied were susceptible to leaf rust, but their 
reaction* to stem rust varied from very resistant to susceptible, 
although the highest i)ercentage of stem rust found on them was 
less than half of that found on Quality, the susceptible P^. The 
internode lengths of all those plants were comparable to that of the 
vulgare parent. No very high correlation seemed to exist between 
the 42-chromosome number and the vulgare characters, although 
considered as a whole the vulgare characters outnumbered the durum. 
Some association between stem-rust resistance and distinctive durum 
characters is seen in the fact that four of the })lants highly resistant 
to stem rust had three typical durum characters each. Despite this, 
No. 7-17 is a plant in which is combined the chromosome number 
and characters of the vulgare parent and the stem-rust resistance of 
the durum Pi. This plant was very fertile, showing about 75 i)er 
cent seed setting. Plant 7-12 is another vulgare type which com- 
bines the stem-rust resistance and part of the leaf-rust resistance of 
the durum with the typical vulgare characters. It is especi/dly 
interesting from the standpoint of plant breeding that, in a very 
small number of plants, such combinations can be obtained. If a 
progeny test in later generations shows these to be constant for 
chromosome numbers and homozygous for botanical characters, 
they represent recombinations which the plant breeder would (*on- 
sider desirable. , 

Lines 12 and 18 are the progeny of the F> plant 569-1. The 
data for chromosome numbers and characters of these lines are given 
in Table 4. 


Table 4. — Characters^ of an F 2 plant {560~1) and chromommes and charavtera of 

the P’s line derived from it 
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« For explanation of symbols see footnote a, Table 2, and footnotes e and 6, Table 3. 
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No reliable chromosome count was obtained on 5()9-“l, but it had 
the appearance of a vulgare. The F3 data show that it was probably 
a plant having 21 pairs of chromosomes, since all 12 F3 plants were 
found to be in that class. From the F3 data the F2 parent should have 
been classified as red for seed color since a segregation occurred, and 
from the Fi that red seed color was dominant. This is an error which 
is easily made in classifying the seed of species hybrids for color, be- 
cause the shriveled condition of the seeds of some plants makes such 
(classification very difficult. The results here emphasize again the 
importance of a progeny test to verify an F2 classification. Three of 
the four characters diflerentiating the two species were of the vulgare 
type in the F2 parent of lines 12 and 13. As a conseqiuuK'e, the F3 
plants were uniform for the vulgare type of keel, stem cavity, and 
glume shape. One of the plants, 18-21, was classified as durum for 
stem cavity, but irregularities of this nature occasionally occur. 

The segregates of lines 12 and 18 varied in their reaction to stem 
rust from oR to 7()S. From this F3 line, it would be possible to obtain 
again vulgarelike segregates with 42 chromosomes and the stem rust 
resistance of the durum Pj. In no case so far discussc^.d has resistance 
to both stem and leaf rust been found in the same plant. Plant No. 
18-1, however, is vulgarelike in most of its characters and is as 
resistant to leaf rust as Velvet Don. A progeny test of this plant will 
have to be mad(‘ to determine the constancy for the different char- 
acters, especially for its leaf rust reaction. 

Tlie F3 line No. 9 was variable for all the characters studied except 
seed color. Table 5 gives the data for chromosome numbers and 
genetic characters for this line. 
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line der wed from it 


Plain No. 

: so- 

mnlu* 

1 No 

Alctu- 

phji.se 

No 

: Keel 

1 

C'ol- 

lnr 

.•41 em 
cav- 
ity 

iOlume 
i shui>e 

Beards 

Pii- 

bes- 

ctiuee 

Seed 

color 

Leaf 

rust 

i Stem 

1 rust 

inter- 

node 

length 

Ster- 

ility 


i 


! 



' 





i 

Mm 


5(17-0 . 

; 3S 



V 

V 

, V 

B 

p 

R 


1 



IP19 . , 

30 

1611-41 

i 

1 

I) i 

V 

! V 

! 


1 ^ 

608 

1 T 

4. a 

2 

y-20 

;w 

17n-4i 


i n 1 

1 

- V 

I 

R 

808 

1 208 R 

6.0 

; 4 

9-28 

, 33 

15ii-3i 


! !'> i 

; V 

' 1> 

B 

P 

li 

608 

1 208 

, 5.4 

3 

9-32 . . . . 

' 34 


1 1) j 

V 1 

V 

1 V 

1 

V 

R 

! 408 

1 60S 

■■5.3 1 

6 - 

9-38 

42 

21]| 

1 V 

V i 

1 

v 

i V 

B 

P 

R 

80S 

1 70S 

5 3 ' 

1 

2 


« Kor explanation of symbols .see footnote a, Table 2, and footnotes a unci b. Table 3. 


The Fy plant No. 507-6, from which this line was grown, had ap- 
proximately 38 chromosomes. From two to six univalents were 
observed in side views of the metaphase of the first division. The 
behavior of the chromosomes was very irregular. Many end-to-and 
bivalents were observed as w^ell as many trisomes. Other irregular 
combinations were frequent. A polar view of a pollen mother cell 
in the metaphase of the fii’st division is shown in Figure 1, A. The 
F3 plants, 9-19, 9-26, 9-28, and 9-32, were as difficult to study as 
the parent, and the counts in all these are only approximate. Plants 
9-19 and 9-28 were quite similar to the parent in chromosome behavior 
Trisomes occurreil frequently and occasionally a tetrasome was found. 
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Plant 9~32 with 34 chromosomes was almost completely sterile, only 
two or three shriveled seeds being found in it. A polar view of an 
anaphase of the first division of this plant is shown m Figure 1 B. 



Figure I.- -Pollen mother cells in meiotic division. The figures were drawn from single section*?, a 
camera luclda being used. A, Metaphase polar view of the first division of the Fs plant 567-6 show- 
mg about 17 bivalents andM univalents. B, Anaphase polar view in the F^ plant which had 
.14 ehromos^ies, the drawing showing one group of 17. C, Metaphase polar view of the first divi* 
which had 14 bivalents and 1 univalent. I), Metaphase polar vlew^ of 
the Fa 34-14 which had 14 Idvalents and was almost completely sterile. E, Metaphase polar 
view of the first division of the F^ plant 7-28 shovrlug 21 bivalents; this plant had the stem-rust 

Metaphase polar view of the first division of the F^ plant 
l.Vl showing 21 bivalents; this piant had the leaf-rust resistance of the durum parent. G, Ana- 
ph^ side view of the ^mpletelv sterile Fa piant 21-36 which had 3« chromosomes with 18 bivalents 
V drawing shows 3 unpaired univalents just after they have split enuationally. 

first division of the Fa plant 66-18 showing 14 bivalents; this plant 
had the stem-fust susceptibility of the vulgare parent 


The data for the F 2 plant 
liable 6. 


571-1 and its F 3 progeny are given in 
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Table 6. — Characters of an F 2 plant {571-1) and chromosomes and characters of 

the Fa line derived from it « 
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« For explanation of symbols used see footnote a, Table 2 and footnotes a and ft. Table 3. 


The F 2 parent of line 21 was classified as vulgare, but a reliable 
chromosome count was not obtained. The Fa results lead to the 
conclusion that it had a high chromosome count, either 42 or approach- 
ing 42 in number. A large line was raised from it, showing that it 
was a fairly fertile combination. The segregations for genetic charac- 
ters as found in the F 3 line are diirumlt to account for. There is the 
possibility that the F 2 was incorrectly classified for several of its charac- 
ters. 1 1 seems certain, however, that the chara(‘ters were more vulgare- 
like than durum. One plant. No. 21 - 35, is of special interest. It 
contained 39 chromosomes. The univalents varied from three to 
seven. Three univalents in the process of division are shown in 
Figure 1,0. Plate 1 , D, is a photomicrograph of the same pollen 
mother cell. Although this plant belonged in the highei* group from 
the standpoint of chromosome numbers, it had the durum type of 
character for keel, collar, stem (javity, glume shape, and stem-rust 
resistance. It was, however, completely sterile and is thus eliminated 
from further tests. 

The breeding behavior of a plant which, from counts made in the 
anaphase of the first division, had a total of 30 chroniosomes is shown 
in Table 7. 


Table 7. — Chromosome numbers and characters in an F 2 plant {571 l'£) and the 
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® For explanation of sjnmbols see footnote a, Table 2 and footnotes a and ft, Table 3. 
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All of the plants of the Fa line 32 had 14 pairs of chromosomes in 
the metaphase of the first division. This indicates that the gametes 
with 14 chromosomes produced by this parent plant were either more 
numerous or more eflective in the fertilization process. Slight irreg- 
ularities in pairing were found in these plants, but on the average 
they were similar to the durum parent. The Fg parent was durum- 
like from the standpoint of its morphological characters of keel, 
collar, stem cavity, and glume shape. All the plants of the F 3 line 
were of the same type for these four characters. The^ internode 
length also showed them to belong to the durum class. Segregation 
occurred for beards, pubescence, and seed color. Nine of the ten 
plants gave a leaf rust reaction of 5R, the other one of 5S. The 
rea(*tion for stem rust varied from a trace to 60S, showing a range 
from the resistance of the Velvet Don to almost the susceptibility 
of the Quality. "J^'ho association of chromosome numbers and durum 
characters with stem-rust resistance is not, apparently, very great 
in this line, since there were three plants nearly as susceptible as the 
vulgare Pi, and only four with the resistance of the durum Pi. In this 
case, the susceptibility of the vulgare parent has been found in plants 
with the chromosome number and differentiating morphological char- 
acters of the durum parent. 

The data for chromosome numbers and characters of a 29-chromo- 
some plant, 571-14, and its F 3 progeny arc given in Table 8 . 

Table 8. — Chromosome numbers and characters in an plant {571-14) and the 

Fi line derived from it « 
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•» For evplan itlon of symbols see footnote a, Table 2, and footnotes a and b, Table 3. 


The Fa plant, 571-14, had 29 chromosomes. The pairing in this 
plant was very irregular. Tetrasomes were found frequently . A pollen 
mother cell in the metaphase of the first division with 15 chromo- 
somes is shown in Figiire 1, C. This plant bred true for keel, collar, 
stem cavity, and glume shape. From the standpoint of the differ- 
entiating characters and intemode length, all 12 plants in this line 
would be classified as durum. These plants all have intermediate 
types of reaction to leaf rust. Although there is variation, none of 
them shows the resistance to leaf rust of the durum parent. About 
the same variation is found in the reaction to stem rust of the various 
plants of this line as was found in line 32, with little association of 
stem-rust tesistance and durum characters. 
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The most interesting feature of line 34 is the amount of sterility 
found in some of the plants. One plant showed complete sterility 
and four others were almost completely sterile, producing only a very 
few shriveled seeds. This is a good illustration of the importance of 
chromosome quality rather than numbers, and the result of incom- 
patability of chromosomes which show enough affinity for each other, 
even to form pairs. Lines 32 and 34 are the progeny of plants which 
Kihara (7) designated as belonging to fertile combinations of the 
^‘decreasing group.’’ The plants of this group decrease in chromo- 
some numbers in later generations until the somatic number 28 of the 
durum P] is reached. These two lines and their parents furnish 
additional evidence as proof of this hypothesis. 

Two lines were grown from plants having 14 paiis of chromo- 
somes and classified as durums for the (‘haracters of the keel, collar, 
stern cavity, and glume shape. Chromosome counts and genetic! 
data were obtained on eight of the Fg plants. (Table 9.) 

Table 9 — Chromosome numbers and characUrs in two plants {572-4 and 57f}~2) 
and the F^ lines derived from them " 
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No head matured. 


All of those plants had 14 pairs of ohromosonios, and all had the 
characteristic durum type of keel, collar, stem cavity, glume shape, 
and internode length. As a result, all of them would be classified as 
durum plants. The plant, 572-4, may have been classified in- 
correctly for pubescence and seed color as indicated by its breeding 
in the There is the possibility that three F 3 plants resulted from 
natural crosses with a 14-chromosome male parent. All eight of the 
plants of these two lines showed an intermediate amount of fertility, 
only one of them, 56-27, showing as low as 25 per cent seed setting. 
Four out of tlie eight plants showed the Velvet Don reaction to leaf 
rust, but none of them was as susceptible as Quality, although some 
were intermediate to the parents. 

The reaction to stem rust varied from 6 R, which is similar to Velvet 
Don, to 60S, which is nearly as susceptible as Quality. Such a wide 
variation found in so few plants does not suggest a very close associa- 
tion between chromosome number, typical durum characters, and 
manner of reaction to leaf and to stem rust. 
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The primary purpose of this study was to determine, if possible, 
the relationships between chromosome numbers and genetic char- 
acters in a cross between a durum variety of wheat with 14 pairs of 
chromosomes and a vulgare variety with 21 pairs. The phase of the 
work upon which most emphasis was placed and which seemed to be 
the most important from the standpoint of the plant breeder of the 
spring-wheat section was to detennme if the stem-rust resistance of 
the durum variety could be obtained in vulgare segregates of this 
cross. As a consequence, a study of all the cytological phases of the 
problem was not attempted. A few of the cytological features that 
have more or less direct relationship to the problem are of sufficient 
interest to be recounted here. 

The parents were studied to detennine if they were typical of the 
species to which each belonged from the standpoint of chromosome 
numbers. The Fi was not studied in all its phases, but the metaphase 
and anaphase of the first division showed that the cytological behavior 
w^as similar to that described by other workers for pentaploid hybrids. 
Several of the F2 plants were very irregular in their chromosome be- 
havior. Plant 567-6 had approximately 38 chromosomes. From 
two to six univalents were observed in side views of the metaphase of 
the first division. Many end-to-end bivalents were observed as well 
as many trisomes. (Jther irregular combinations were frequent. A 
polar view of a pollen mother (*.ell in the metaphase of the first division 
IS shown in Figure 1, A. The F3 progeny of this plant varied in chro- 
mosome numbers, which is direct genctical proof that the F^ parent 
did not have 21 pairs of chromosomes. Several of the plants of the 
F3 line derived from this F2 were as difficult to study as the parent. 
One of them. No. 9~32, is recorded as a 34-chromosome plant in 
Table 5, and a drawing of the polar view of the early anaphase of the 
first division is given in Figure 1, B. The univalents, as shown by 
side views of the metaphase of the first division, varied from none to 
four. 

The F2 plant, 571-14, the progeny of which was grown in the 
had 29 chromosomes. The pairing in this plant was very irregular. 
Several tetrasomes were found. A polJen mother cell in the meta- 
phase of the first division with 1 5 chromosomes is shown in Figure I , C. 
Ml the F'i plants of this line had 14 pairs of chromosomes, which w^ould 
indicate that the greater number of gametes formed by the F2 parent 
had 14 chromosomes or that the gametes with 14 chromosomes were 
niore effective in the fertilization process. One of the most interest- 
ing plants of this line (Table 8) is No. 34-14 which was almost com- 
pletely sterile. The metaphase of the first division of this plant is 
shown in Figure 1, D. As far as can be determined, there seems 
nothing abnormal about the chromosomes here observed, so that an 
explanation of the higjh degree of sterility in plants of this type can 
not be based on chromosome number. 

The interesting F3 segregates from the standpoint of the main pur- 
pose of this study are those with 21 pairs of enromosomes and stem 
or leaf rust resistance. Plant No. 7-28 (Table 3) has 21 pairs of 
chromosomes and is the equal of the durum parent in resistance to 
stem rust. The metaphase of the first division, showing 21 chromo- 
somes, is given in Figure 1, E. The F, plant, No. 13-1, also has 21 
pairs of chromosomes and is as resistant to leaf rust as Velvet Don. 
A pollen mother cell showing the metaphase of the first division with 
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21 chromosomes is illustrated in Figure 1, F. Univalents are some- 
times found in these plants, but no more frequently than in the 
vulgare parent. A photomicrograph of a pollen mother cell of plant 
No. 7-1 shows two lagging univalents. (PL 1, A.) 

Plant 21-35 showed 21 chromosomes at the metaphase of the first 
division— 18 bivalents and 3 univalents. An anaphase of this plant 
is shown in Figure 1 , G. The three univalents appear in this figure 
just after they have split equationally. This illustrates the usual 
behavior of unpaired univalents in plants in which bivalents and uni- 
valents are found together. A photomicrograph of the same cell 
is shown in Plate 1, D. This plant was completely sterile. 

Another recombination w^hich was obtained from this cross was 
the 14-cluomosoinc number of the durum parent and the vulgare 
susceptibility to stem rust. This type is illustrated by plant No. 
56-18, the chromosomes of which are shown in Figure 1, H. Another 
plant, No. 32-14, shows this same combination. A photomicrograph 
of the metaphase of the first meiotic division of the latter plant is 
giv(Ui in Plate 1 , B. 

An illustration of a polar view^ of the metaphase of the first* division 
of another 14-chromosome plant is shcwm in Plate 1, C. In this, the 
chromosomes are se})arated more widely on the equatorial plate than 
w as the case in Plate 1, B. Accurate counts can often be made in the 
early anaphase of the first division. (PL 1, E.) Counts of both 
groups should be made, however, before the total number in the (*ells 
can be determined. This is true especially in plants with unpaired 
univalents. The two parts of the (‘ell are found often in adjacent 
sections of the slide. If the members of the bivalents are in the con- 
dition in wiiicli they can be counted, the univalents are still lagging 
and have not split equationally. They may be found then in one or 
the other of the parts of the cell. This frequently w^ould give different 
numbers in the two sections. As an example, a 35-chromosome plant 
gave 19 and 16, 17 and 18, and 15 and 20 in counts of this kind. 
Such counts might be misleading from the standpoint of the behavior 
of unpaired univalents, since it might appear that they go to the 
poles by random in the first division. 

A wside view^ of the later anaphases of such plants frequently shows, 
however, the lagging unpaired univalents scattered around the equa- 
torial plate in more or less advanced stages of ecpiational splitting. 
This would indicate that they split at the first division. 

DISCUSSION 

The chromosome behavior in the cross, Velvet Don X Quality, is 
similar to that reported by other w^orkers for pentaploid hybrids. 
When bivalents and univalents are found in the same plant, there is 
evidence that the bivalents behave normally in both divisions, but 
that the univalents lag, come to the plate later in the first division, 
split equationally, and join the members of the bivalents at the poles. 

The fact that there are fewer plants among the F 2 segregates with 
an intermediate number of chromosomes is explained by Sax {IS) 
as due to the elimination of gametes with intermediate numbers of 
chromosomes, because they are less fertile and less viable than those 
with either 14 or 21 chromosomes. The absence of a complete set 
of chromosomes results in gametic sterility, and the absence of a com- 
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plete diploid set results in sterility in the zygote. Thompson and 
Cameron (15) suggest that the plants with intermediate chromosome 
numbers occur less frequently in F3 and certain F3 lines, not only 
because of gametic elimination, but also because of zygotic mortality. 
Kihara (7) divided the possible combinations into fertile and sterile 
groups on the basis of the number of bivalents and univalents which 
they possessed. Many of the intermediate types are given as fertile 
combinations. As evidence that the m mber of bivalents and uni- 
valents in the combination is not always a reliable index of steiility, 
the work of A. A. Sapehin (9) may be cited again. He obtained a 
36-chromosome plant having 16 bivalents and 4 univalents which 
remained constant in morphological characters and chromosome 
number for six years. A combination with the same number of 
bivalents and univalents was given by Kihara as sterile. 

Further evidence that combinations of certain numbers of bivalents 
and univalents do not always determine the degree of sterility has 
been obtained in the Velvet Don X Quality cross reported in this 
paper. One of the F3 segregates, No. 21-35 (Table 6), had 18 bivn- 
lents and 3 univalents but was completely sterile. This combination 
was reported by Kihara as fertile. In this^ cross, too, one F3 segre- 
gate wdth 14 pairs of chromosomes was completly sterile, while* three 
others were almost in the same condition. These plants have a wtII- 
balanced condition as far as chromosome numbers are concerned. 
It is not reasonable to suppose, however, that the (‘hromosomos were 
all derived from the original durum parent, since, although the plants 
have durumlike morphological characters, they show complete or 
very high degree of sterility. They must, therefore, represent a 
(‘ombination of durum and vulgare chromosomes that is out of balaiu'c 
from the standpoint of genetic factors. This condition must have 
resulted because of an •exchange of chromosomes or parts of chromo- 
somes which are different in quality between the two parent species. 

Sax (13) concludes that the 14 emmer chromosomes are essentially 
similar to the 14 vulgare chromosomes with which they pair, that the 
7 extra vulgare chromosomes determine most of the typical characters 
of this group of wheat species, and that the desirable and typical 
characters of the emmer and vulgare wheats (‘an seldom if ever be 
combined. The cytologic and genetic data obtained from the cross. 
Velvet Don X Quality, show that recombinations betwe^en the typical 
characters of the durum and vulgare parents occur with relative, 
frequency. Some association between chromosome numbers and 
morphological characters is apparent, but relatively homo/ygous 
fertile segregates in whi(*.h are combined the valuable characters of 
both species occur in Bufficient numbers to make feasible the use of 
such a cross in plant breeding. Several plants were found in the 
F3 which combined vulgare characters and chromosome numbers 
with the stem-rust Resistance of the durum parent. The leaf-rust 
resistance of Velvet Don was found in one segregate of the vulgare 
type and chromosome number. Several plants with 14 chromosomes 
and morphological characters of the durum had the stem rust sus- 
ceptibility of the vulgare parent. Both stem and leaf rust resistance 
were cambined in some 01 the 14-chromGsome durumlike segregates, 
but in no c^ase was resistance to these two diseases present in the same 
21-chromosome vulgare plant. To find a plant of the latter type 
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resistant to leaf rust and another one of the same type resistant to 
stem rust is a step in advance, however, since a cross between these 
two probably would give the desired recombination without the 
difficulties encountered in a species cross. 

The amount of seed setting in the Fi of this cross, 5 per cent, makes 
it possible to get a large Fa population with a reasonable amount of 
work. Sterility in the Fa from whatever cause, eliminates a number 
of segregates, but some of the fertile ones should give the desired 
results. If apparently homozygous fertile segregates combining the 
valuable characters of the vulgare and durum parents are found in the 
relatively small numbers which can be used in a cytologic study, it is 
reasonable to expect that almost any combination can be obtained 
when large numbers are used, as is done in a comprehensive genetic 
study, Eviden(‘e of the same nature is given by Thompson (14) 
from results obtained in a combined genetic and (‘ytologic study. 
He found that, while there is a rather definite association between 
chromosome number and other chara(*ters in each of the species, the 
corn^lation between stem-rust resistance and durum characters had 
])een broken, although he found no vulgarelike plants as resistant 
as the durum })arent. The important breeding results- which have 
been obtained by Hayes et al. in the production of Marquillo wheat, 
by McFadden in the production of Hope wheat, by A. A. Sapehin in 
(he production of vulgare strains of wheat resistant to the attacks of 
Hessian and to drought, and by Nina Meister (S) w^ho reported 
the production of drought -resistant and winter-resistant strains of 
wheat from w heat-rye crosses, all point to the fact that species hy- 
brids can be used as an important means of obtaining varieties of 
value from an economic standpoint. 

The facts obtained in all the studies enumerated seem to bo con- 
tradictory to the hypothesis stated bv Sax. It is true that the cyto- 
logic* and genetic information is still fragmentary and not entirely 
conclusive, and that much more w'ork will have to be done before all 
the questions of sterility and of chromosome and genetic behavior 
can be answered in detail. Enough is known already, however, to 
assure the plant breeder that if sufficiently large numbers are used 
there is every reason to believe that any desired recombination of the 
characters of the parents of a species cross can be secured, 

SUMMARY 

The relationships betw^een chromosome numbers, chara(*tcrs of keel, 
collar, stem cavity, glume shape, reaction to stem rust, and reaction 
to leaf rust were studied in segregates of a pentaploid hybrid, Triticum 
dummy variety Velvet Don, X T. rndgarCy variety Quality. 

The Fi had a total of 21 chromosomes in the metaphase of the first 
division, 14 bivalents and 7 univalents. The Fj plants had the durum 
type of keel and collar, an intermediate condition for stern cavity and 
glume shape, intermediate condition for beards, and the pubescence 
and red seed color similar to the durum parent. They were susceptible 
to stem rust. They set seed to the extent of about 5 per cent. 

The chromosome behavior in this cross was for the most part similar 
to wffiat was been reported for such hybrids by other investigators. 
When bivalents and unpaired univalents are found in the same plant, 
the bivalents behave normally in both raeiotic divisions. The unival- 
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ents lag, come to the plate late, divide equationally, and join the mem- 
bers of the bivalents at the poles. 

Association l)etween the chromosome number of each species and 
the typical chaj‘a(*ters of the same is appai’ent, but recombinations of 
the characters of both species are relatively frequent. 

Relatively homozygous, fertile F 3 segregates with the vulgare chro- 
mosome number, keel, collar, stem cavity, and glume shape combined 
with the stem-rust resistance of the durum have been obtained. One 
fertile vulgarelike F 3 vsegregate had the leaf-rust revsistanco of the 
durum. 

Durumlike plants with 14 chromosome pairs were found that were 
as susceptible to stem rust as the vulgare parent. All the plants of 
one F 3 line had 14 pairs of chromosornes and durumlike characters, 
but with an intermediate type of resistance to leaf rust, although 
they varied somewhat in this i^espect. 

()ne F 3 plant with 14 pairs of chromosomes was completely sterile, 
and three others almost sterile, giving only a veiy few shriveled seeds. 
One Fu plant with 39 chromosomes was completely sterile. Another 
with 34 chromosomes gave only a few shriveled seeds. 

The relative frequency with which recomMnations of the characters 
of the two species occurred is evidence that a cross of this kind can 
be used to advantage in plant breeding and is contrary to the conclu- 
sion that the desirable and typical characters of the ernmer and vulgare 
wheats can seldom, if ever, be recombined. 
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TRACT OP THE JAPANESE BEETLE ‘ 


By Millard C. Swingle 

Assistant Entomologist ^ Division of Deciduous^ Fruit Insects^ Bureau of Entomology y 
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INTRODUCTION 

The Japanese beetle (Popillia japonica Newni.) is a phytophagous 
insect, known to feed upon more than 200 species of plants. The 
study that follows presents the results of an effort to describe the 
structure of the digestive tract of the beetle and its ability to digest 
certain classes of foods. The investigation was conducted at the Jap- 
anese beetle laboratory, at Riverton, N. J. 

Specimens for histological work were fixed in Carl's fixativ’^e and 
stained in Delafield's haematoxylin and eosin, and those for work on 
acidity and enzyme analysis were used directly, without killing. 


ANATOMY 


The digestive tract of the Japanese beetle is approximately twice as 
long as the body. The diameter ranges from one-half to 1 mm., 
ana is generally greater at the anterior end than at the posterior. The 
tract begins as a straight tube leading back through the head and 
thorax, and after entering the abdomen (‘.oils about itself, filling the 
major part of the cavity. The hind-gut lies on the dorsal side of the 
mass, the mid-gut being beneath. The appearance of the different 
layers of the tract depends upon the quantity of food passing through. 
When the tract is empty the fore-gut will shrink slightly, thus causing 
its walls to be thrown into folds, but this condition is only temporary; 
when food is taken in, the walls become flat and stretch somewhat. 
The esophageal valve becomes less prominent and stretches so as to 
form a large passageway between the fore-gut and mid-gut. The mid- 
gut also has a different appearance when empty. Its cells seem to be- 
(*.ome longer and very thin, and the epithelial wall is thrown into large 
folds which practically close the gut. These folds are always present 
when the gut is empty, but their presence can not be detected on the 
outer wall. The anterior part of the hind-gut does not lose its usual 
appearance, but the posterior part expands during heavy feeding and 
may almost eliminate the longitudinal folds so as to form a circular inte- 
rior. In this insect, therefore, many of the folds in the epithelium seem 
to occur only when the gut is empty, and are formed by the ccjntraction 
of the muscles. Where the folds are very deep, as shown in Figure 3, B, 
they are not entirely eliminated by the pressure of the food, and may 
be more or less permanent. The gross anatomy of the tract is fairly 
generalized, the tract consisting of fore-gut, mid-gut, and hind-gut. 

\ S®c6ived for publication Jan. 20, 1030; issued August, 1030. . 
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THE MOUTH PARTS 

There are seven well-developed mouth parts in this beetle; the 
labium, hypopharynx, left and right maxillae, left and right mandi- 
bles, and iabrum. 

The labium (fig. I, E) is a flat plate lying on the ventral side of the 
head,^and serves to^protect^the movable mouth parts from beneath. 




FmuBK 1.— A, longitudinal section tlwough head and thorax of the Japanese beetle, showing right 
half of forepart of the tract, X 20; B, ventral surface of Iabrum, X 60; C, dorsal view of right 
mandible, X 30; D, dorsal view of right maxilla, X 30; E. dorsal surface of labium, X 36; c, outi> 
cula; fn, fore-gut; ii, head; me mouth cavity; mg, mid-gut; mp, mandibular plate; ev, esophageal 
valve; «, spines; t, teeth; th, thorax 

Its posterior region, called the submentum, broadens out to attach 
the Ijabium to the main sclerite of the head. Anterior to tins is a 
lar^ plate called the mentum, which forms the major part of the 
labiuin. On either side there is a S-segnaented labial palpus. 
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Immediately above the labium there is a triangular plate called the 
hypopharynx. Its anterior end is attached to the labium by a thin 
fold of the body wall, and its entire surface is covered with stout 
spines. It is located in the center of the labium, and its pyramid- 
shaped body arises between the two maxillae. 

On either side, and above the hypopharynx, there is a hard max- 
illa. The outer margin of this organ (fig. 1, D) is covered with stout 
spines, and the innermost part, the galea, is fitted with six long teeth. 
The teeth form a triangle, with three in the basal row, one on each 
side, and one at the apex. 

Al)Ove each maxilla there is a hard mandible (fig. 1, A, C) with two 
small teeth on the inner apex. The base of each mandible is triangu- 
lar, and the inner surface is provided with a D-shaped plate which 
fits into the anterior opening of the fore-gut so as to hold it open for 
the passage of food. 

Above and in front of the mandibles there is a small, triangular 
plate, the labrium (fig. 1, B) the base of which faces the front and is 
covered with spines. The apex is in the center of the mouth cavity 
directly above the hypopharynx. 

The labrum is attached to the clypeus above, and is not movable in 
any direction. The mandibles and the maxillae swing laterally only, 
and with a forward-and-backward motion produce a rasping efTect on 
the plants tissue. The labium is hinged at the posterior edge, and can 
be moved vertically. When the insect is feeding, the labial plate is 
pushed downward and serves to regulate the space required by the 
grinding mouth parts. Two chitinous plates, one at the base of each 
mandible, fit into the anterior opening of the fore-gut, one on either 
side, and serve to hold the gut open and to grind the passing food. 
The inner surfaces of these plates are ridged and fringed with a row 
of short spines or teeth. The inner surface of the mouth cavity is 
lined with a thick intima. 

THE SALIVARY GLANDS 

This insect apparently has no salivary glands, as none can be demon- 
strated among the tissues of the head and thorax, and a histological 
study of the entire system shows no evidence of a salivary duct. 
This conclusion is strengthemed by the failure of physiological methods 
of investigation to demonstrate a salivary enzyme in the gut or its 
contents. 

THE FORE-GUT 

The fore-gut (fig. 1, A, fig. 2, A) is about 2 mm. long and lies almost 
entirely within the head of the insect. For 1 mm. back of the mouth 
it is threadlike; the posterior half widens out into a pear-shaped bulb. 
It is about one-third of a millimeter in width, and has a translucent, 
waxy appearance. As has been stated, the anterior end of the fore- 
gut is held open by two plates, the opening being about 0.5 mm. in 
diameter. Tne wcdls are muscular, and have a pumping action im- 
parted by two bundles of muscle fibers which extend from either side 
of the dorsal wall of the tract to the dorsal wall of the head. 

Between the fore-gut and mid-gut lies the esophageal valve, a 
ring of epithelial cells which form a constriction between the two 
regions. This valve is not elaborate, and, being very small, does 
not appear to have any great functional value. In fact, it scarcely 
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functions as a valve, for the contents of the mid-gut readily regur- 
gitate into the fore-gut, in which is commonly found material which 
has been in the mid-gut. 

THE MID-GUT 

The mid-gut (fig. 2, A) constitutes the major portion of the diges- 
tive tract. It ranges from 2 to 2% cm. in length and from one-half 



Figure 2.— A, Dorsal view of entire digestive tract, partially dissected from the body cavity, x 6; 

B, longitudinal section through esophageal valve, X75; C, longitudinal section of wall of fore- 
gut, X 160; D, longitudinal section of wall of ndd-gui, X 160; E, longitudinal section of pyloric 
valve, X coliiu: of cells secreting peritrophic membrane; e, cuticula; m, circular muscles; 
d, duct leading from nidus; e, epithdium; tv, esophageal valve; /g, fore-jgut; g, nidus: hg, hind- 
gut; fra, longitudinal muscles; m, Malpighian tube; mg, mid-gut: p, peritrophic membrane; pr, 
Xiyloric valve; r, rectum; r, valve; x, Malpighian tubes, partially drawn 

to 1 mm. in width. It is’Jwider at the anterior end (premid-gut) 
and 'narrows gradually toward the posterior end (postmid-gut). 
Thie gut leads back from the head into the abdomen, where it is 
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coiled about itself to acconiodate its length. It is only moderately 
muscular, and its surface is covered with minute, knoblike organs 
which are called nidi, and which form new (*ells for the epithelium 
of the mid-gut. 

THE HIND-GUT 

The beginning of the hind-gut is marked by the presence of four 
Malpighian tubes. These are long, lacelike tubes (fig. 2, A), two of 
which cling to the wall of the tract and run anteriorly to the eso- 
phageal valve, where they turn and run posteriorly to the colon. 
The other two are about half the length of the first and have a 
common opening into the gut. 

Posterior to the Malpighian tubes is the pyloric valve, which is 
about 1 mm. long and has a very small diameter. It is extremely 
muscular and is a veiy efficient valve. 

Beyond the valve the hind-gut widens, and has a very thick, 
opaque, yellow^ wall, which is usually wrinkled and pitted. It 
narrows near the middle, for a very short distance, and is relatively 
thin-walled and translucent. After widening again to form a large 
rectum, it terminates in the anus. The rectum, like the pyloric 
valve, is very muscular. Rectal glands are not developed in this 
insect, the vralls being folded but not thickened in any way. The 
entire hind-gut is slightly more than 1 cm. in length. 

HISTOLOGY 

In the following study the parts of a hyjiothetical gut (that is, one 
which has lost none of the structures found in embryonic forms) are 
enumerated, and this hypothetical gut is compared with the gut as 
actually found in the Japanese beetle. 

FORE-GUT 

in any such hypothetical digestive tract as has here been postu- 
latcul the fore-gut would have, if, beginning at its inner surface, the 
successive layers or essential parts be named in the order of their 
occurrence, an intima, an epithelium composed of ectodermal cells, 
a basement membrane, a layer of longitudinal njuscles, and, com- 
pleting the assemblage of parts, an outermost layer of circular 
muscles. 

The fore-gut of the Japanese beetle (fig. 2, C) has not deviated 
to any great extent from this hypothetical form. The inner wall is 
covered with a rather thick intima, which is greatly folded w^hen the 
gut is empty, but becomes thinner and flattened when the gut is 
distended with food. At the anterior end the intima is rather thick 
and forms teeth, or spines, which extend into the canal. Beyond 
this it is thin and wavelike, and continues to be such through the 
es^hageal valve. 

The epithelium is uniform from the mouth to the valve, and con- 
sists of pavement cells which are of about the same size throughout 
the gut. When the fore-gut is distended with food these cells stretch 
and have the appearance of merely a thin line. The basenaent 
membrane is not evident. If present it is extremely thin and clings 
very closely to the base of the epithelial c^lls in such a way as to 
become imperceptible. 
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The layer of longitudinal muscles is very thin, but well defined. 
It fits very closely against the epithelipm, and is so continuous as to 
form an almost perfect sheath about the gut. The circular muscles 
are well defined, but are present in scattered strands only. 

The fore-gut is formed by an invagination of the body wall, and is 
therefore ectodermal in origin. It is not highly specialized, and its 
major function seems to be that of transferring food from the mouth 
to the mid-gut. 

ESOPHAGEAL VALVE 

As the esophageal valve is a modified portion of the fore-gut the 
hypothetical histology is the same for both. In the actual valve 
the intima is the same as that of the fore-gut, and extends to the tip 
of the epithelial layer of the valve. The epithelial layer also is similar 
to the anterior part of the fore-gut, and is not specialized. The 
muscular layers are not present. The valve is held in position by a 
ring of epithelial cells of the mid-gut, which form a collar about it. 
There are no sphincter muscles m the valve, which is relatively 
inefficient. 

MID-GUT 

The mid-gut of the hypothetical digestive tract would (consist of an 
epithelium composed of endodermal cells, a basement membrane, a 
layer of circular muscles, and one of longitudinal muscles. 

The anterior end of the actual mid-gut (fig. 2, B) has a ring of modi- 
fied epithelial cells which form a collar about the esophageal valve, 
and secretes the thin pt^ritrophic membrane. This membrane has no 
cellular structure and serves merely to protect the delicate epithelium 
from rough particles of food. It is probable that the entire membrane 
is secreted by the ring of .cells, for it clings tightly to the food within. 
It is secreted as the food passes through the esophageal valve and is 
drawn by the passage of the food through the gut. Whether the epi- 
thelium along the gut aids in the secretion of the membrane has not 
been determined. 

The epithelium of the mid-gut is composed of columnar cells, and its 
anterior end forms a circular fold which surrounds the esophageal 
valve. Beyond this point the cells in the epithelium appear to vary 
but little throughout the length of the gut. Those of the postmid-gxit 
are slightly flattened, but the difference between them and the other 
cells is not great. They are composed of rather dense protoplasm 
which has a granular appearance. The nuclei are small and are filled 
with granules of chromatin. 

The type of secretion could not be determined from the sections 
obtained, but it is evidently holocrine, or brought about by the 
destruction of cells. In this type of secretion new cells must be formed 
to take the place of those breaking down. This formation is accom- 
plished by the division of cells within round, cellular aggregations 
called nidi, most of which have dropped below the epithelium. Some 
lie among the strands of circular muscles, while others have passed 
through the muscular layers and appear on the outer surface. In 
dropping below the epithelium they push the basement membrane 
before them, and thus utilize it as an outer membrane and as a 
passageway for the new cells up to the epithelial layer. Within each 
nidui^ is a group of small cells closely packed together. They are all 
olequal size, and do not form the usual budlike nidus in which the 
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size of the cells increases from the center outward. The cells pass out 
through the duct formed by the basement membrane and take their 
place in the enithelium above. A nidus may occasionally be found 
among the cells of the epithelial layer, but this situation is not so 
common as the type already mentioned. Beneath the epithelial cells 
there is a well-defined basement membrane, which also forms the 
walls and ducts of the nidi, as already mentioned. 

The circular muscles are fairly well developed. They are present 
throughout the entire length of the mid-gut and serve to force the 
food through the tract. The longitudinal muscles are fairly well pre- 
served at each end of the mid-gut, but arc either discontinuous or 
absent through the median section. They are very thin, and are 
probably not important factors in the functioning of the gut. 

MALPIGHIAN TUBBS 

The posterior end of the mid-gut tapers into a (‘onelike process 
which enters the pyloric valve. Four Malpighian tubes (fig. 3, A) 
arise at the point of entrance, two of which open on either side of the 
gut, while the other two have a common opening slightly above them. 
The tubes are simple and straight as they leave the gut, but slightly 
above this point they have a fine, lacelikc appearance, and each upon 
magnification appears as a distorted tube with many spherical lobes 
protruding from its surface. 

The inner surfaces of the Malpighian tubes are lined with a very 
thin intima, since they are embryologically a part of the hind-gut. 
The remainder of the tube is made up of a layer of columnar cells 
with their nuclei at the outer margin, and the lobelike projections men- 
tioned above are caused by the irregular contour of this layer, which 
is not thickened at the lobes, but curves in and out to form them. 
The canal within the tube is fairly large, and in living beetles the 
contents may readily be seen flowing down the tube. The contents 
could not be detected in the stained sections, but in living material 
they have the appearance of white granules in a colorless liquid 
matrix. 

PYLORIC VALVE 

The hypothetical pyloric valve and, since its histology is the same, 
the hypothetical hind-gut consist, from the inner surface outward, of 
an intima, an epithelium of ectodermal cells, a basement membrane, 
and three layers consisting, respectively, of inner circular muscles, 
longitudinal muscles, and outer circular muscles. 

In the pyloric valve the intima is very well developed. It is not 
present in a solid sheet but appears in very thin, wavelike folds, which 
become thickened at the posterior end of the valve, where they form 
large teeth or spines extending into the gut, (Fig. 2, E.) 

Beneath the intima is a layer of very thin ectodermal cells, scarcely 
visible in some sections. These cells are elongate, thick around the 
nucleus at the center, but thinning rapidly toward the margins. The 
basement membrane is not distinct from the epithelium above it. 

The inner, circular muscles are very well developed, forming the 
major portion of the wall of the valve. They are packed closely 
together, sometimes three to five strands deep. These muscles prob- 
ably have the power of closing the valve entirely. There is a fairly 
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Figure 3.-~A, MaipkhiRn tube, extornal view, X90; B, eross section thfough posterior part of 
hind-gut, X 136; C, longitudinal section of wall of posterior part of hind-gut, X 375; D, longi- 
tudinrf section of ^11 of ptorlor pwt of hind-gut, X 620; £, cross section of two of the folds In 
postwior part of hind-gut, X565; b, basement niembrane; c, cutioula; cm. circular muscles: 
e, epithelium; m, Malpighian tube 

in two different forms. In the anterior portion it is drawn out into 
long spines which extend into the cwial. (Fig. 3, D.) These spines 
needleiike are appipxi^tely of the same number as the 
hsneath. If dissected immediately after emergence and before the 
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beetles have had a chance to feed, this gut will appear to be very 
small and shriveled; in fact, before feeding, it generally has the same 
diameter as the pyloric valve. 

When the insect begins to feed, the finely ground particles of food 
pass down the tract and, on entering the hind-gut, become lodged 
among the spines which protrude from the walls. After the insect 
has fed sufficiently the inner wall of this region becomes completely 
coated with a layer of food, until finally only a small passageway 
may be observed down through the center of the gut. Whether this 
material remains stationary throughout the life of the beetle, or 
whether it moves posteriorly, is not clear. It is tightly packed within 
the gut and, unlike ordinary loose particles of food, is readily stained 
with eosin. In washing the gut in preparation for physiological 
studies this layer was not cleared away because any attempt to wash 
the gut clean would have disrupted the epithelium beneath. Toward 
the mid section of the hind-gut the tract becomes narrow, and the 
chitinous lining changes from sharp spines to an irregular layer (fig. 
3, c), which is found throughout the remainder of the gut,, and does 
not hold the food particles stationary. 

The epithelium lies in a smooth cylindrical layer about the gut in 
the forepart of it, but gradually changes in the (‘onstricted portion 
of the mid section to a longitudinally folded layer. (Fig. 3, B, E.) 
The cells of tlie epithelium are large and of approximately equal 
dimensions. The protoplasm is less dense than in any of the other 
cells of the tract, and the nuclei are large and granular. There are 
no rectal glands, and there is no noticeable thickening of epithelial 
cells anywhere in the hind-gut. The basement membrane is present, 
and clings closely to the base of the epithelium. 

The inner circular muscles are well developed throughout the gut, 
but those of the forepart are much reduced in size. (Fig. 3, D.) In 
the posterior half of the g\it the inner circular muscles only are present 
and appear as enormously developed fibers. (Fig. 3, B, C, E.) Longi- 
tudinal muscles are present in the forepart of the gut only, and thin 
out and disappear in the mid region. (Fig. 2, A.) There are no 
outer circular muscles. The forepart of the hind-gut, therefore, is 
inclosed by two moderately developed layers of muscles, while the 
hindpart has but one layer, which is greatly developed. 

HYDROGEN-ION CONCENTRATION 

Determinations of hydrogen-ion concentration were made with a 
potentiometer and its" accessories, equipped with a quinhydrone 
electrode. The writer has somewhat modified the usual arrpigemeiit 
of such apparatus, for the sake of testing small dr<ms of liquid. A 
cabinet was constructed for the apparatus having a flat top on which 
was mounted a small platinum plate insulated by a block of sealing 
wax. (Fig. 4.) A wire from the galvanometer was soldered to this 
plate whi^ served as one of the mectrodes. The drop of liquid to 
be tested is placed upon this plate and the circuit is made by dipping 
in one end of the agar bridge, from the potassium acid phthalate cell 
the drop, as shown in the figure. The agar bridge is a glass tubing 
contaimng agar saturated with potassium chloride. The potassium 
acid phthalate is a 0*05 m. solution. A small quantity of quinhy- 
drone is mixed with the potassium acid phthalate and in the drop of 
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liquid to be tested. In this manner the hydrogen-ion concentration 
of a drop so small as to be only from 1 to 2 mm. in diameter could 
be determined. The electrodes of the outfit were washed each time 
with neutral water, the washing being repeated until the pH value 
was exactly 7, that is, neutral. With this precaution no reading 
could have been influenced by the one preceding. 

A different beetle was dissected for each reading to prevent any 
post-mortem changes in the hydrogen-ion concentration of the con- 
tents of the tract. In the case of the fore-gut and the premid-gut 
the contents were secured by means of a very fine capillary pipette 
inserted into the wall of the canal, and were immediately placed 
upon the platinum plate and tested, the pipette being washed in 



neutral water before each use of it. The contents of the postmid-gut 
and the hind-gut were removed after the tract was cut open, a pro- 
cedure necessary for the reason that the contents of the postmid-gut are 
in a semisolid condition. A small drop of neutral water was added to 
the feces, as otherwise they were much too solid for testing. Enough 
moisture was present without dilution in the postmid-gut and the 
hind-gut. 

TUB FORE-GUT 

The fore-gut is about 2 mm. long and contains a liquid which is 
transparent in the esophagus and reddish brown in the crop. The 
transparent liquid is composed of plant juices and secretions of the 
fore-gut; it is not saliva, for there are no salivary glands in the beetle. 
Readings were taken on the contents of the fore-^gut of each of five 
diflFerent beetles, with determinations of pH values as follows: 7.28, 
7.28, 7.20, 7.87, 7.28; average, 7.28. 
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THE PREMID*GUT 

The mid-gut is about 2.5 cm. long. The gastric caeca are not 
individual organs in themselves but are specialized cells in the walls 
of the mid-gut. Because of its length and the possibility of fluctua- 
tions in the hydrogen-ion concentration of its contents, the mid-gut 
was divided into a premid and a postmid portion, 0.5 and 2 cm. long, 
respectively. The material contained in the premid portion is a 
thin liquid of a dark reddish-brown color. Readings made on seven 
different beetles gave pH values of 7.37, 7.37, 7.23, 7.28, 7.4G, 7.37, 
and 7.53; average, 7.37. 

THE POSTMID-CitJT 

The postmid-gut is about 2 cm. long, and contains a very viscous, 
or partially solidified, mixture. This material is usually green in 
color when the beetle has recently been feeding. Readings made on 
nine diflerent beetles gave pH values of 7.20, 6.94, 7.28, 7.70, 8.12, 
8.21, 7.53, 6.77, and 7.95; average, 7.52. 

THE HIND-GUT 

The hind-gut, including the colon and I'ectum, is about 1 cm. long, 
and contains the undigested portion of the food, which is greenish 
yellow near the pyloric valve and changes to dark brown at the 
colon. Ten readings were made, indicating pll values of 7.70, 7.70, 
7.53, 7.45, 7.87, 7.63, 7.32, 7.53, 7.87, and 7.37; average, 7.60. 

THE FECES 

Feces in the rectum are alkaline, the pH value being about 7.3 or 
7.4. On exposure to the air, however, they quickly turn acid, so 
any feces defecated by the beetles normally would have an acid reac- 
tion. Feces taken by dissection from the rectum were found directly 
afterward to be alkaline, the pH being 7.2, but a few minutes later 
it had dropped to 7.0. After 10 minutes it may drop to 6.0 or 6.5. 
The hydrogen-ion concentration would therefore depend upon the 
time intervening before the test. 

DIGESTIVE ENZYMES 

The alimentary tracts of approximately 125 Japanese beetles were 
used in the work of ascertaining the presence of enzAunes in them. 
The legs and wings were removea from each beetle, and the body wall 
was cut around the entire lateral line. The body was pinned, ventral 
side down, in a paraffin dish, after which the doi'sal wall was removed 
by pulling upward with a needle and gently cutting away the tissue 
clinging to the underside. The entire alimentary canal was then 
removed by cutting just behind the mouth parts and at the posterior 
end of the rectum. It was pinned in a paraffin dish, and was slit 
from one end to the other with a niicroscalpel. The gut was then 
washed clean with a pipette of distilled water and transferred to a 
parafiBn dish of fresh water. Here it was divided into four parts, the 
fore-gut, the premid-gut, the postmid-gut, and the hind-gut. Each 
of the four sections of the tract was then placed in its respective vial 
of neutral glycerin. After a sufficient number of beetles had been 
dissected, the contents of each vial were poured into a mortar and 
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ground into a homogenous fluid. The grinding served to crush all 
of the cells of the tissue and to liberate such enzymes as were present. 
A drop of brom thymol blue was then added to the mixture, so that 
changes from alkalinity to acidity could be observed and neutral- 
i 74 ed by the addition of small quantities of sodium acid carbonate. 
The material was then ready for use. 

The tissues were washed free from the contents in order to deter- 
mine just where the enzymes were located. If the contents were 
allowed to remain in them, it would be impossible to determine 
whether a specific enzyme had been secreted in the gut being tested 
or in the one preceding. The contents of each section of the gut 
include not only the enzymes secreted by that section, but all that 
have been received by it from the previous sections, and specific 
information can be obtained only when the tissues are washed. 

On the other hand, the presence of any enzyme in a tissue does not 
necessarily mean that it is excreted into the tract at that point. 
Therefore, to determine whether a specific enzyme is excreted at its 
point of appearance in the tissue of the gut, tests must be made on the 
contents of each part. The contents of each of those parts of about 
15 beetles were accordingly washed out into glycerin and placed in 
vials corresponding to the suspensions of ground tissue. After the 
addition of a drop of brom thymol blue and adjustment to a slight 
alkalinity, the solutions were ready for use. 

Tests were made for the presence of seven different enzymes. 
In testing for the presence of any one of them, the substance known 
to be broken down by that specific enzyme was placed in a microtube 
and several drops of the suspension of tissue or contents was added. 
The remainder of the tube was filled with toluene to prevent the action 
of microorganisms. The tube was then set aside for from two to 
four days, when a test was made for the end product of digestion. 
For each tube used for a test a control tube was made up in the 
same way, except that the suspensions of tissue were first boiled to 
destroy the enzymes. 

AMYLASB 

By the process of hydrolysis starch changes to maltose in the pres- 
ence of amylase. 

Eleven different samples were tested for this enzyme — the extract 
and the contents of the fore-gut, the premid-gut, the postmid-gut, and 
the hind-gut, the feces, the entire tract and its contents, ground in 
glycerin, and the heads of 12 beetles, ground in glycerin. 

To perform the test, 1 c, c. of a 0.5 per cent starch solution (boiled) 
was placed in a microtube, and 2 drops of glycerin extract of the sample 
to be tested were added. The tube was filled to the top with toluene 
and incubated for 72 hours at room temperature. After incubation, 
2 drops of a potassiihh-iodide solution of iodine were added to each 
tube. In all cases the contents of the tubes turned a dark blue, 
showing the presence of starch. In 100 hours no digestion was 
observed. After four or five days, however, some of the tubes showed 
evidence of a slight digestion, probably caused by bacteria of the 
posterior region of the tract. 

Each sample was then submitted to the picric-acid test for reducing 
sugars. Four drops of incubated solution, 1 drop of 10 per cent 
solution of sodium hydroxide, and 2 drops of a saturated aqueous 
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solution of picric acid were placed in a microtube in the order named. 
The tube was then heated very gently over a hot plate. When a 
reducing sugar is present, the yellow acid is reduced to the reddish- 
brown picramic acid. This test must be checked before using, as a 
slight excess of sodium hydroxide may cause the formation of pic- 
ramic acid without the presence of reducing sugar. Through an inter- 
val of 100 hours the test failed to indicate the presence of sugar in any 
of the tubes. 

Fehling^s test and Fluckiger^s test, for sugars, were each applied to 
the 11 samples named. In these tests a red precipitate of copper 
appears when maltose is present. No such precipitate was formed 
in any case. 

The entire process, as lust outlined, was repeated several times, 
with variations in the acidity or alkalinity, the pex'centage of starch, 
and the electrolytic content of the solution. Similar results were 
obtained. 

As a result of the tests applied it was concluded that the enzyme 
amylase was not demonstrated in this insect. The feces and con- 
tents of the hind-gut appear to contain bacteria that have the property 
of digesting starch after long periods of time. Starch is apparently 
not converted to maltose in the alimentaiy tract of the Japanese 
beetle. 

MALTASE 

Maltose is hydmlyzed to glucose in the presence of maltase. 

One cubic centimeter of a 3 per <*ent solution of maltose and 2 drops 
of glycerin (extract of the sample to be tested were pla(‘ed in a micro- 
tube; the tube was filled to the top with toluene, and incubated for 
9(i hours at room temperature. Barfoed^s test for monosaccharides 
was then applied. In this test a small quantity of acetic acid is 
added to a solution of copper acetate, which is used to restrain the 
i-eaction of the disaccharide, because, if the solution is too alkaline, 
the disaccharide may be hydrolyzed to glucose without the presence 
of the enzyme. To detect the possible presence of glucose the reagent 
should therefore bo checked with a solution of maltose before using. 
If glucose is present, a reddish-brown precipitate will appear on heat- 
ing. The solution should not be boiled more than one-half minute, 
as prolonged boiling may hydrolyze the disaccharide. As a result 
of the test, only the tissue of the hind-gut gave a negative reaction. 
The microtubes containing the tissue of the fore-gut, the premid-gut 
and the postmid-gut, the feces, and the contents of the fore-gut, 
premid-gut, postmid-gut, and hind-gut were found to contain glu- 
cose, these results leading to the conclusion that maltase is secreted 
by all parts of the digestive tract except the hind-gut. 

INVERTASE 

In the presence of invertase the disaccharide sucrose is converted 
into two monosaccharides, fructose and glucose. 

One cubic centimeter of a 15 per cent solution of sucrose and 2 drops 
of glycerin extract were placed m a microtube, and the tube was filled 
to the top with toluene and incubated 72 hours at room temperature. 

The picric acid test for reducing sugars was then used. Three 
drops of the incubated solution, 1 drop of 10 per cent sodium hydrox- 
ide solution, and 2 drops of saturated aqueous solution of picnc acid 
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were heated gently for 1 minute. In the presence of a reducing 
sugar the yellow picric acid is reduced to brown picramic acid. 

The tissues of the four portions of the intestinal tract^ the contents 
of the four, and the feces were tested, as was done m testing for 
maltase, and with precisely similar results; invertase was found m all 
the substances tested except the tissue of the hind-gut. 

By way of confirmation, Fluckiger's test for reducing sugars and 
the test by reduction of methylene blue were applied to the same 
substances as before, and with similar results throughout. The con- 
clusions of all these tests parallel those of the tests for maltase — 
invertase is secreted by all parts of the digestive tract except the 
hind-gut. 

LACTASE 

Lactose is hydrolyzed to glucose and galactose in the presence of 
lactase. 

One cubic centimeter of a 1 per cent solution of lactose and 2 drops 
of glycerin extract of the sample to be tested were placed in a micro- 
tube, and the tube was filled to the top with toluene and incubated for 
72 hours at room temperature. Barfoed's.test for monosaccharides, 
already described, was applied to the several substances heretofore 
mentioned, with the result that no copper precipitate was formed. 
Jn the face of this negative result it can only be said that lactase was 
not demonstrated in this insect. 


LIPASE 

Complex fats are broken down into fatty acids and glycerin in the 
presence of lipase. 

Two drops of brom thymol blue were added to 25 c. c. of a 10 
per cent solution of iuilk (condensed milk), and either powdered 
sodium bicarbonate or a 1 per cent solution of potassium hydroxide, 
was added until the solution became a light blue in color. 

One cubic centimeter of the blue-milk solution and 2 drops of 
glycerin extract of the sample to be tested were plac.ed in a microtube, 
and the tube was filled to the top with toluene and incubated 24 to 
48 hours at room temperature. Since milk is an emulsion of a fat its 
digestion will produce fatty acids which (X)lor the blue milk yellow. 
This experiment was repeated, an olive-oil emulsion being used in 
place of the milk. The results were the same, although the reaction 
was slower. In both cases the change of color marking the reaction 
was observed in the case of the premid-gut and the postmid-gut, but 
the tests applied to the fore-gut and nind-gut gave only negative 
results. The feces and the contents of the four tracts gave positive 
results. These observations lead to the conclusion that lipase is 
secreted by the mid-gut only. Its appearance in the contents of the 
fore-gut is due to regurgitation from the mid-gut. 

TRYPTASE 

Complex proteins are broken down into proteoses, peptones, pep- 
tides, and amino acids in the presence of tryptase in an alkaline 
solution. 

^ About 1 gm. of blood fibrin was placed in a solution of aniline blue 
and allowed to stain for several hours. It was removed and washed 
in alkaline water until no more of the blue stain could be washed from 
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it. The fibrin was then cut into pieces about 3 mm. square. About 
0.5 c. c. of glycerin extract of the sample to be tested, together with 
0.5 c. c. of water and a small bit of blue fibrin, was placed in a mi- 
crotube, the pH was adjusted to 7.5, and the tube was filled to the 
top with toluene and incubated 96 hours at room temperature. The 
same substances were tested as with lipase and with correspondingly 
similar results. The blue color of the solution, imparted by the aniline 
blue released by the digestion of the fibrin, indicated the presence of 
tryptase in the premid-gut, the postmid-gut, the feces, and the con- 
tents of the four parts of the digestive tract. This evidence leads 
readily to the conclusion that tryptase is secreted by the rnid-gut 
only. Its appearance in the contents of the fore-gut is due to re- 
gurgitation from the mid-gut. 


PEPTASE 

Complex proteins are broken down into ]>roteoses, peptones, and 
peptides in an acid solution in the presence of peptase. 

One gm. of blood fibrin was stained in a solution of amaranth red 
for several hours, then removed and washed in acidified water. 
When the red color no longer came out, it was cut into pieces about 3 
mm. square. 

About 0,5 (‘, c. of glycerin extract of the sample to be tested, to- 
gether with 0.5 c. c. of water and a bit of the red fibrin, was placed in 
a micro tube, the pH adjusted to 5, the tube filled to the top with 
toluene, and the contents incubated 96 hours at room temperature. 
In this test the red color is liberated and stains the solution if the 
fibrin is digested, which can be done only by a peptase. The same 
tissues and other substances were tested as in the case of the other 
enzymes considered, but without result; the presence of peptase in the 
digestive tract of the Japanese beetle was not demonstrated. 

For convenience the results of the enzyme tests are summarized in 
Table 1. 


Table 1. — Svirjmary of analyses for presence of enzymes in the digestive tract of the 

Japanese beetle 
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SUMMARY AND CONCLUSIONS 

In the investigation reported in this paper a careful study was made 
of the anatomy and histology of the alimentary tract of tne Japanese 
beetle, the hydrogen-ion concentration was determined, and the 
digestive enzymes were ascertained. 

It was concluded that in the alimentary canal of the Japanese 
beetle there are no regions where the contents are acid. The contents 
of the canal are very weakly alkaline, being almost neutral in thfS fore- 
gut and increasing in alkalinity as they approach the colon. The 
hydrogen-ion concentration may vary slightly with the food eaten, 
but not to any great extent. The greatest variation is found in the 
postraid-gut, but as fats and proteins are digested here this variation 
may be due to different stages in digestion. The contents of the 
rectum are alkaline, but on exposure to the air in the form of feces 
they soon become acid. 

No starch digestion could be demonstrated in the digestive system 
of the Japanese beetle. Maltose and sucrose are broken down into 
monosaccharides by the relatively strong enzymes maltase and inver- 
tase, respectively, which are secreted in the f6re-gut, the premid-gut, 
and the postmid-gut. Fats are broken down into fatty acids by a 
single enzyme, lipase, which is secreted by the premid-gut and the 
postmid-gut. Proteins are broken down into proteoses, peptones, 
peptides, and amino acids by the enzyme tryptase, which is secreted by 
both parts of the mid-^ut. Peptase was not found in the digestive 
tract. Secretion is carried on exclusively by the cells in the epithelial 
layer of the digestive tract of the Japanese beetle, as there are no 
specialized secretory glands in any part of the tract. 



THE FEEDING RATE OF THE AUSTRALIAN LADY 
BEETLE, RODOLIA CARDINALIS ' 


By A. W. Crbasman, Associate Entomologist, Division of Tropical, Subtropical, 
and Ornamental Plant Insects, with the assistance of Mrs. J. O. Dumestue, 
Assistant Clerk, Bureau of Entomology, United States Department of Agriculture 

INTRODUCTION 

Although entojuological literature contains abundant testimony 
to the efficiency of the Australian lady beetle (or Vedalia beetle), 
Rodolia cardinalis (Muls.), as a predator of the cottony-cushion scale, 
Icerya purchasi Mask., there are few quantitative data on the feeding 
of this l)eetle. An article from the Department of Agriculture and 
Commerce of Japan * gives the average consumption of the male axid 
of the female for short periods, but the size of the scales and the fac- 
tors whi(‘.h may condition the rate of feeding are not considered. The 
present paper presents the results of experiments designed to measure 
the efre(;t of such factors on the adult beetles. These investigations 
are a part of a larger projt'ct which includes detailed studies of the 
relations between a predator and its host. The work was conducted 
at New Orleans, La., in the laboratorj^ of the Division of Tropical, 
Subtropical, and Ornamental Plant Insects of the Bureau of Ento- 
mology. 

METHODS 

The beetles were confined in J 8-mesh screen-wire cylinders, appro xi- 
nmtely 2% inches in diameter by 3)^ inches high, with muslin tops 
and bottonis. They were fed on Icenja purchasi Mask, taken from 
infested Pittosporum bushes. When fresh leaves were used each day 
practically none of the scales left the screen cylinders. In a study of 
the movement of the scales it was found that when infested leaves 
were put in the cages, only 1 scale out of 364 was absent from the 
screen cylinders after 24 hours. On the basis of average weights 
(discussed later) this was a loss of less than one-half of 1 per cent. It 
was therefore possible to use a coarse-mesh screen, assuming that the 
beetles were actually subjected to the temperatures recorded by an 
inseciarj^ thermograph, which was checked daily against maximum 
and minimum thermometers. 

In the first series of experiments observations were made daily. 
The records were taken between 8 a. m. and 8.30 a. m., a period when 
the temperature was near the minimum and when the beetles were 
eating less than at any time during the following 12 hours. In 
other series of experiments observations were made every four hours. 
In each case a record was made of the number of scales put into the 
cage and the, number that remained at the time of the next observa- 
tion, the difference giving the number eaten during that interval. 
Since there was a large difference in weight between scales of differ- 
ent ages, they were divided into three classes which w’^ere readily 
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distinguishable. scales were those of the first instar, ''medi* 

um^^ scales included those of the second and third instars and a few 
of the fourth instar which differed little in size or appearance from the 
preceding instars, and ‘Uarge'^ scales included the rest of the fourth 
instar and the adults. In order to eliminate one source of variation 
the large class was always removed from the leaves. Unfortunately 
an analytical balance was not available until these experiments were 
nearly completed. Weighings were then made of scales in the first 
two classes, and the numbers of scales eaten were converted to 
numbei's of milligrams on the basis of average weights. The small 
scales were weighed in groups of 20, 500 scales giving a mean weight 
for this group of 1.936 ± 0.039 mgm. ; the medium scales were weighed 
in groups of 4, 200 scales giving a group mean of 3.032 ±0.093 mgm. 
The number of small scales, therefore, was multiplied by 0.0968, 
and the number of medium scales by 0.758 to give the milligrams of 
food consumed. This method introduces a source of variation, 
since there still remains a large difference in size of scales within the 
same class. However, no better method of recording the data was 
developed. It is not practicable to weigh the leaves at the beginning 
and end of the period, making determination and allowance for 
evaporation. Aside from the deposition of dust, eggs, and excre- 
ment on the leaves, the weight of the leaves is so great in proportion 
to the weight of the scales that variations in the evaporation . rate 
would introduce enormous errors in calculating by weight differences 
the quantity of food eaten. It is believed that errors resulting from 
the method used have tended to average out because of the following 
considerations: I eery a purchasi produces continuously throughout 
the year and, consequently, in infestations of any age the scales are 
in all stages. Scales fqr all the daily observations and for most of the 
4-hour ones were taken from two caged Pittosporum bushes which had 
been infested for over a year. During the course of the experiments 
no preponderance of any stage or stages was noted. Further evidence 
of the averaging out of the errom is found in the curves shown in the 
illustrations. Where each mean is the average of a considerable 
number of cases, the points fall rather closely into a smooth curve, a 
condition which would not be likely to exist unless there had been this 
averaging out of the errors introduced by the variation in size of the 
scales. 

THE DAILY RECORDS 

The records extended from September 3, 1925, to September 6, 
1926, covering 11 broods of beetles, with a total of 2,152 observations, 
divided as follows: On pairs, 1,546; on single producing females, 324; 
on virgin females, 171; on virgin males, 111. 

The 1,546 observations mentioned above were made on 75 pairs, 
the number of pairs to a brood ranging from 3 to 13. With the excep- 
tion of a few records made on beetles kept under constant temperature, 
no experiments were conducted especially to obtain results from single 
females, but data were obtained in such cases, as the male died before 
the female. 

It appeared possible that, in addition to temperature, several 
.factors might affect the feeding rate of the beetles. The rate might 
vaiy vjdth the age of the female. In some individuals the vital, 
activities might proceed at a faster tempo than in others, in which caae 
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under similar conditions there should be a difference in the average 
life span. There might be seasonal changes, as well as a progressive 
change with rearing in captivity and inbreeding. Accordingly cor- 
relations were made between the quantity of food consumed, in milli- 
grams, and temperature, date (seasonal change), age, life span, and 
brood number (inbreeding), multiple curvilinear correlation methods 
being used.® After two residuals has been calculated, the index of 
multiple correlation for the pair records, which include the majority 
of the cases, was found to be 0.81. For the single females only one 
residual was calculated with i? = 0.69. 

The effect of temperature on the rate of feeding is shown in Figure 1. 
The rate increased more rapidly with higher temperatures, while 
below 10° C. the feeding, if not completely stopped, was negligible, 
although the beetles did not go into the dormant condition. In 
discussing the mechanism of such an effect it should be considered that 
foodjn the case of the adult beetles serves ultimately as a source of 
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energy for (1) muscular movement, (2) replacement of tissue, and 
(3) production of eggs. The feeding rate of the beetles, therefore, 
might be conditioned by the foregoing processes, in which case it 
would be a resultant of several variables; or it might be directly a 
function of temperature, and itself the factor governing the rate of 
movement, egg production, and tissue repair; or the different activities 
might be independently affected by thermal change. 

It is seen that the females ate the larger part of the food consumed 
by the pairs (the sex ratio was nearly 50 per cent, records on rearing 
990 indi\riduals showing 52.04 per ceiit females), but in contrast to the 
producing females, the virgin females showed about the same rate as 
the males. This fact indicates that feeding was dependent upon the 
rate of oviposition, since the virgin females produced only an occa- 
sional egg. If the feeding rate were directly a function of tempera- 
ture, and the factor conditioning oviposition, no such difference should 
exist between producing and virgin females. The possibility of both 
being independently affected is also ruled out. Accordingly there 
should be a correlation between egg production and food consump- 
tion. (This should be true if either activity depended on the other, 


* KzEKXEL, M. a MBTBOP fOR HANDUNO CUBVIUKBAR CORRELATION FOR ANY NUMBER OF VARIABLES. 

Jour. Amer. Statls. Assoc. 19: 444. 1924. 
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not if they were independently influenced by temperature.) In inves- 
tigating this point the milligrams of food eaten and the number of 
eggs deposited were totaled for each individual, and correlations made 
on the basis of daily averages, a method necessary because of periodici- 
ties in the oviposition rate. Letting subscript 1 denote food, 2 eggs, 
3 temperature, 4 life span, rl2.34 — 0.51, P — 0.01.^ The effects of 
temperature and life span have been eliminated statistically, so that 
there was measured only the association of variations in the individual 
average feeding, independent of these influences, with variations in 
average oviposition. The more productive individuals were more 
eflective not only because of their increased progeny, but also because 
they destroyed more scales during their lifetime. 

In the case of vertebrates it is known that the hunger sensations 
arise from contractions in the empty stomach.® While there is no 
direct evidence as to the existence of similar reactions in insects, the 
results presented above do indicate that an internal stimulus, depend- 
ent on utilization of food consumed, was involved in the feeding act. 
However, it was found that feeding did not take place in the absence 



Fku re 2. - Seasonal changes in daily feeding rate by pairs of Rodolia cnrdivaliH 


of the proper external stimulus. At the laboratory the beetles could 
not be induced to feed on any insect other than Icerya jmrehasiy no 
matter how great the degree of starvation. It appears, therefore, 
that in those experiments the feeding rate was a resultant of the rate 
of utilization of food consumed, and that both internal and external 
stimuli entered into the process. The effect of temperature upon 
feeding, then, was an indirect one, operating through the response of 
other activities to thermal change. Investigations not yet reported 
show temperature to have an important influence on the rate of ovi- 
position. The effect of this factor on rate of movement has been 
demonstrated for other arthropods.® ^ 

After temperature, season of the year most affects the rate of feed- 
ing, as is shown in Figure 2, The rate changed but little from Sep- 
tember to April, but it then increased rapidly to a maximum early in 
June, declining as the summer progressed. Though the season of 
maximum feeding was'^so a season of high temperature, the temper- 
ature effect has been eliminated statistically. This was also a period 
of maximum light intensity. 

< Fishbr, H. A. STATiswAi. METHODS FOE BRSEARCH WORKERS. Ed. 2. Tsv. and snJ., p. 160, Edin- 
burgh and london. 1928. 

Washburn, A. L. an EXFi.ANATroN or hunger, Amer. lour. Ehysiol. 29: 

441-454, Ulus, 1912., 

« O^glER, W. ON THE CBlTIfAL THERM AX. INCREMENT FOR THE LOCOMOTION OF A X>U»tOFOD. JoUT. 

Qm. Physiol. 7: 123-186, illus. 1924, 

and Stibb, T. B. temperature characteristic for locomotor Acrivrry m tent catkb- 
FiLLABS. Jour. Oen. Physiol. 7: 123-136, Ulus. 
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In analyzing for the effect of age, the life span of each beetle was 
divided into 10 ecpial parts, in order to avoid absolute units such as 
da^^s. The results for the pairs are shown in Figure 3. There was a 
sharp rise during the first three-tenths, after which the rate fell off 
slowly with increasing age. 

The life span was i()und to have no significant effect, but the rela- 
tions between temperature, life span, and food consumption were 
such that the total (piaiitity of scales eaten per beetle was not a 
constant under different temperatures. When the total quantity of 
food was plotted against the mean temperature, the quantity of food 
eaten was found to be much less at the lower temperatures, although 
the values are too irregular to permit an exact expression of the 
relationship. 

In estimating the efl’ect of brood on the second residual the means 
for each brood fell irregularly, showing no significant change in the 
rate over 1 1 su(*cessive gtuierations reared in the laboratory. 

FOUR-HOUR RECORDS 

In the second series of experiments the observations were made 
at shorter intervals. The beetles were caged as before and records 



were taken evejy four hours. While the daily records were made on 
individuals bred continuously from the same stock, the 4-hour records 
w(u*e made on two different stocks. The first experiments in this 
series were made September 20 to 27, 1920, on the line used for daily 
records. In all, 13 pairs of beetles were used, giving 532 individual 
values. Beetles for the second set of experiments were taken from 
an isolated infestation on one bush in the field. Observations were 
made from March 26 to April 5, 1927, the number of pairs ranging 
from 9 (first day) to 21 , a total of 916 individual records being obtained. 
Because of the short time covered by these experiments, the only 
factors considered were temperature and time of day. It was found 
that the statistical constants for the two sets of tests were quite 
different, the coefficient for the net regression of food on temperature 
being 0.171 for the data of 1926 and 0.302 for the data of 1927. 
Methods of multiple curvilinear correlation were used, and the values 
for the tests of 1926 were multiplied by the factor 1.32 and added 
to the data for 1927 to give the curves shown in Figures 4 and 5. 
The shape of the temperature curve is similar to that for the daily 
records. 
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The periodic nature of the feeding is shown in Figure 5. To test 
the effect of light, experiments were also made imder constant %ht 
and temperature (25 ± 0.05). The values are shown in Table 1. The 



f KrxmE 4 — Kate of feedinK of Rodolia cardinalin as a functlou of temperature, based on observations of 
pairs of l)eetles at 4-hour intervals 

probable erroi*s of the means range from 6 to 12 per cent, but the 
values at 10 a. m. and 2 p. m. may be significantly lower than the rest. 
In any case it is seen that the curve of Figure 5 was materially altered 
when light was held constant. The simplest explanation of such an 



effect would be that in the absence of light the motor activities of the 
insect were suppressed, resulting in contact with fewer of the external 
stimuli necessary for feeding. In a qualitative way such an effect on 
movement has been noted. 

*1 ABLK 1. Diurnal fluctuation feeding rate of Rodolia cardinalts under constant 

light and temperature 


Hour 

AToraga quanti- 
ty of foocT eaten 

2 a. m 

Mgm. 
1.37^0.12 
l.49± .12 
.10 
.11 

i.72=fc .11 
l.fl8d= .12 

6 a. m 

10 a. m 

2 p. m 

6 p. m 

10 p. m 
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An important point in these records is the difference in values of 
the regression coefficients. Similar differences were found also in the 
ovipositlon and developmental rates of the two stocks. It is evident 
that mathematical constants describing the rates of biological activi- 
ties for a species are of doubtful validity. Rather do they represent 
an average of the particular individuals studied, and they may prove 
to be true of another population only if that population is composed of 
the same proportion of the same kinds of individuals. Further in- 
vestigations are being conducted on this point. 

SUMMARY 

The daily feeding rate of Rodolia cardmalu (Muls.) was found to be 
a function of temperature, age, seasonal change, and sex. Both ex- 
ternal and internal stimuli were involved, the quantity of food con- 
sumed varying with the rate of egg production. 

The effect of temperature was an indirect one, operating through 
the response to thermal change of activities which condition feeding. 

A pronounced seasonal change was observed, the beetles feeding at 
an increased rate from May through August, as compared with the 
rate from September to April. 

The effect of age was such that the quantity of food consumed is 
lowest during the first tenth of the life span, rises to a maximum during 
the third, then shows a slight decrease. 

No systematic change was noted in 11 successive broods reared in 
the laboratory, but a marked difference was found in a stock taken 
from the field. 

Observations made every four hours showed the periodic nature of 
the feeding process. These diurnal fluctuations were modified under 
constant light. 




VITAMIN G IN CERTAIN MEATS AND MEAT 
BY-PRODUCTS* 


By Ralph Hoagland, Senior Biochemist j and George G. Snider, Senior Scientific 

Aid, Biochemic Division, Bureau of Animal Industry, United States Department 

of Agriculture 

INTRODUCTION 

The term “vitamin G ” is now generally used in the United States 
to denote the heat-stable, water-soluble vitamin which is necessary for 
growth in rats and presumably for growth in other animals. In 
Great Britain the term “vitamin ^ 2 ^ is used to designate the same 
vitamin. There is a disposition on the part of some writers to use 
either one or the other of these terms to denote the antipellagra 
vitamin also (P-P factor of Goldberger) as though the growth-pro- 
moting and antipellagra factors are identical. While in general the 
two vitamins seem to be similarly distributed, yet their identity has 
by no means been established, and it seems best at this time not to 
confuse the two factors by giving them the same name. .For this 
reason the term “vitamin G ” is restricted in this paper to the growth- 
promoting factor. 

wSince a preliminary experiment by Goldberger and associates ^ 
indicated that lean, fresh beef was a fairly good source of growth- 
promoting vitamin G, it seemed desirable to ascertain the relative 
values of a number of kinds of meats and meat by-products as sources 
of this vitamin. The following products have been tested in this 
laboratory; Beef, pork, lamb, beei liver, pork liver, beef kidney, and 
beef spleen. 

PREVIOUS INVESTIGATIONS 

Goldberger and associates ^ report the results of an experiment with 
four rats which indicate that lean beef is a fairly good source of growth- 
promoting vitamin G. Twenty per cent of dried lean beef as the 
source of this vitamin in the diet induced moderate growth. 

Aykroyd and Roscoe^ studied the distribution of vitamin B2 (vita- 
min G) in a number of food products, including beef Knd beef liver, by 
means of feeding experiments with young rats. Their report indi- 
cates that of 17 products tested beef liver was the richest in this 
vitamin, while beef ranked fourth. 

Hoagland and Snider ® found that commercial beef extract was a 
good source of vitamin G. One part of moisture-free beef extract con- 
tained approximately as much 01 this vitamin as three parts of air-dry 
beef. 

> Received for publication Mar. 27, 1930; issued August, 1930. 

^ OOLDBEROKR, J . WHEKLER, O. A., LiLUE, R. 1) , and ROG ERS, h. M. A FURTHER STUDY OF RUTTER, 
FRESH BEEF, AND YEAST AS PELLAGRA PREVENTIVES, WITH CONSIDERATION OP THE RELATION OF FACTOR 
1 >*“P OF PELLAGRA (AND BLACK TONGUE OF DOGS) TOTITAMIN B. Pub. Health RptS, [U. S.) 41: 297-318, 192«, 

» Goldberger, Wheeler, G. a., Lillie, R. 1)., and Rogers, L, N. Op. cit. 

* Ayproyd, W. R., and Roscoe, M. R, the distribution of vitamin Ba in certain poods, Hiochem. 
Jour. 23; 483-497. 1929. 

* Hoagland, R., and Snider, Q. G. beef extract as a source of vitamin g. Jour. Agr. Research 
40: 977-990, illUR. 1980. 


Journal of Agricultural Research, 
Washington, D. C, 


( 205 ) 


Vol. 41, No, 3 
Aug. 1, 1930 
Key No. A-140 



206 Journal of Agricultural Research voi, 41 , n«. » 


EXPERIMENTAL PROCEDURE 

The procedure followed in these experiments was ^sentially the 
same, with a few exceptions as that used by the writers in a study of 
vitamin G in beef extract.® The rats were first fed a b^al ration con- 
taining corn extract as a source of vitamin B (antineuritic), and lack- 
ing omy vitamin G, until growth ceased. The rats were then fed 
tms basal ration plus meat or meat by-product as a soiu’ce of vitamin 
G. This procedure assured that the rats had exhausted their reserve 
store of vitamin G, and that the basal ration was practically free 
from this vitamin before they were fed the test ration. The basal 


ration was made up as follows ; 

Parts bj 

Constituent weight 

Casein (NX6.26) - - 20 

Ash mixture 4 

Cod-liver oil — 2 

Hydrogenated cottonseed oil 8 

Corn extract - - 10 

Starch to make 100 


The constituents of the basal ration were prfepared in the manner 
previously described.® When the basal ration was supplemented with 
meat or meat by-product as the source of vitamin G, the proportion 
of cottonseed oil was adjusted so that the ration still contained 10 per 
cent fat. The proportion of casein was also changed so that the test 
ration contained 20 per cent protein, except when meat protein 
amounted to 15 per cent or more, when no casein was added. Fifteen 
per cent of meat protein is ample for optimum growth in rats. 

PREPARATION OF MEATS AND MEAT BY-PRODUCTS 

The meats and meat by-products were trimmed as free from fat 
and connec.tive tissue as practicable, ground, and dried at approxi- 
mately 60° C. in an oven with forced draft. The dried products 
wwe ground and those containing much fat were thoroughly extracted 
with ether. All products were analyzed for nitrogen, and fat was 
determined in those which had not been extracted with ether. Each 
product was incorporated with the basal ration before being fed to 
rats. The percentage of meat or meat by-product in a ration is ex- 
pressed in terms of fat-free air-dry materim. 

Three lots of beef (round steak), one lot each of pork tenderloin, 
smoked ham, lamb (shoulder), beef liver, pork liver, beef kidney, and 
beef spleen were tested for vitamin G. 

RESULTS OP EXPERIMENTS 

VITAMIN G IN BEEP, PORK, AND LAMB 

The results of the experiments with these products are 'presented 
in Figures 1 to 6, inclusive, and in Table 1 . As r^ards Figures 1 to 6, 
inclusive, the growth curves are largely self-explanatory. Attention 
is called to the fact that the rats made but little or no growth when 
fed the basal ration alone (broken lines), but when a sufficient quantity 
of vitamin G was added to the ration in the form of dried meat, there 
was a quick response in growth. 

* HoaounUi R., and Snidsa, G. G. Op. cit. 
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'f'he experiments with beef (figs. 1, 2, and 3) indicate that 25 per 
cent of each lot of beef furnished sufficient vitamin G for excellent 
growth in rats. Fifteen per cent of one lot of beef (fig. 2) induced 
nearly maximum growth. On the whole it appears that 25 per cent 
of dried beef, possibly somewhat less, supplied ample vitamin G for 
rapid growth in rats. 

Table 1 shows that both the male and female rats which were fed the 
largest proportion of each lot of beef made excellent gains in weight. 
With one exception, the male rats receiving 25 per <‘ent of dried beef 
made an average daily gain of 3.37 gm. or more during a period of 60 
days, the maximum daily gain being 3.85 gm. The average daily 
gains made by the female rats which were fed the same proportion of 
beef ranged from 1.84 to 2.77 gm. 

Pork tenderloin and smoked ham seemed to be fully as good sources 
of vitamin G (figs. 4 and 5) as the samples of beef previousljr reported. 
F'if teen per cent of dried pork tenderloin and 20 per cent of dried smoked 
ham, respectively, induced excellent growth in rats. Apparently the 
tenderloin contained somewhat more vitamin G than the smoked ham. 

Table 1 indicates that the rats receiving the larger proportion of 
tenderloin and ham made excellent growth. The gains made by the 
male rats ranged from 3.28 to 4.12 gm., and those by the female rats 
from 1.85 to 2.37 gm. 
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Table 1 . — Record of growth and feed consumption by rata fed beef, pork, and tamh 
ns sources of vitamin G — Continued 


Source of vitamin (J In ra- 
tion 

Hat No 

1 

19 23 per cent tieef, No. 1824 

1046- A 
1046- D 
1046- E 
1046- B 
1046- F 

25 per cent beef, No. 1824.. 

1055- A 

1056- C^ 
1055-E 
1055-B 
1055-D 
1055-F 

10 per cent pork tender- 
loin. No. 1768. 

1008-A 

1008-(: 

1008-B 

1008- n 

1008-E 

1008-F 

15 per cent pork tender- 
loin, No. 1768. 

10 12- A 
1012 -B 
1012 F 
1012^-C 

joi:m) 

1012-E 

10 per cent smoked ham, 
No. 1773. 

1017-A 
1017 -B 
1017-C 
1017-D 
101 7-F 
101 7-E 

15 per cent smoked ham, 
No. 1773. 

1019-A 
1019~t^. 
1019- B 
1019-D 
1019-F 

20 per cent .smoked ham, 
No. 1773. ! 

1 

103O-A 

1030-B 

lOilO-E 

J03O-C 

1030-D 

1030-F 

15 per cent lamb 

1089-A 
1089- C 
1089-B 
1089-D 
1089-E 
1089-F 

25 per cent lamb. 

1090-A 

1096-0 

1000-B 

1090-D 

lOOO-E 

1096-F 


! Dtim Tftifli Average Total Total 

^ con- tissue 

test, weight sumed consumed 


Average Total 
daily feed 


Male 

.. do.--.. 


Male — 

. ..do 

. do 

Female _ 

...do 

do.— 


Grama 

1 . 8 a 

1.52 

1.71 

1.80 


Lamb (fig. 6) seemed to contain fully as much vitamin G as the 
samples of beef and pork previously examined. Fifteen per cent of 
dried lamb induced nearly as good growth in rats as 26 per cent of the 
same product. 

From Table 1 the average daily gains made by two male rats fed 
16 per cent lamb were 2.77 and 3.16 gm., while two male rats fed 26 
per cent gained 3.92 and 4.76 gm. The female rats receiving 15 per 
cent lamb gained from 1.68 to 2.40 gm., and those fed 25 per cent 
gained from 1.85 to 2.38 gm. daily. 
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FuarRK 1.— Growth of rats fed lations coritHinlng different percentages of the same lot of fat-free 
diitHi beef us the source of vitamin G. The broken lines Indicate growth uf)on the basal ration 
alone; the solid lines denote growth after beef hed^Ven added to the basal ration as a souice of 
vitamin G 
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Figukk 2.— Growth of i ats tod rations containing different i)ercont8ges of the same lot of fat-froe 
dried beef as the source of vitamin The broken lines indicate growth upon the basal ration 
alone; the solid lines denote gtowth aft^ beef bad added, to the basal ration as a source of 
vitamin G 
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Fiqube 3.— Growth of rats fed dlllTorent porcontBpcs of fat-free dried beef aa a source of vitamin O. 
The broken lines indicate growth upon the basal ration alone; the solid lines indicate growth 
after beef has been added to the basal diet as a soyjoe of vitamin O 



Figure 4.— Oiawth of rats fed different percentages of fat-free dried pork tenderloin as the source of 
vitamin G. The broken lines indicate giowth ufwn the basal ration alone; the solid lines 
denote growth after dried pork bad been added to the basal ration as a source of vitamin G 
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Figure 5.— Growth of rats fod dilTerent perccDtages dried smoked ham as the somce of 

vitamin O. The broken lines indicate growth upon the basal lalion alone; the solid lines 
denote growth after dried pork had been addfMl to the basal ration as a source of vitamin G 


7e42-^80 3 


G R A 


214 



Figure fl.— Growth of rats fe«l tiiflerent pei centages of fat-free dried lamb es the source of vitamin 
Q. The broken lines indicate ttowtn upon the basal ration aione which was practically free 
from vitamin O ; the solid lines denote growth aftei dtiod lanib had been added to the basal diet 
as a source of vitamin O 
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VITAMIN G IN BEEP SPLEEN, BEEF LIVER, PORK LIVER, AND BEEP KIDNEY 

One lot of each of the above-mentioned products was tested for 
vitamin G by feeding experiments with rats. In P^igure 7 are shown 
the results obtained when 10 and 15 per cent, respectively, of dried 
beef spleen funiished vitamin G in the diet. Apparently 15 per cent 
of dried spleen supplied sufficient vitamin G for excellent growth in 
rats. Table 2 shows that the average daily gains made by the male 
rats fed 15 per cent spleen ranged from 2.98 to 3.45 gm., and those 
for the female rats ranged from 1.77 to 2.03 gm. 


Table 2. — Record of growth and feed consumption by rats fed beef spleen^ beef livery 
pork liver ^ and beef kidney as sources of vitamin G 


Source of vitamin G in 
ration 

Rat No. 

Sex 

Dura- 
tion of 
test 

L 

gdinln 

Total 

feed 

con- 

sumed 

Total 

animal 

tissue 

consumed 

Average 
daily in- 
take of 
animal 
tLssue 

10 per cent beef spleen, 

103.5- A 

Male 

Days 

60 

Grams 

148 

Grams 

2. 47 

Qrajns 

574 

Grams 

57.40 

Grams 

0.06 

No. 1805 

1035-11 

...do 

60 

82 

1.37 

323 

32.30 

.54 


1035-Cl 

...do 

60 

130 

2.17 

470 

47.00 

.78 


103,5- D 

Female 

60 

117 

1. 95 

515 

51.5 

.86 


1035-E 

...do 

60 

119 

1.98 

490 

40 0 

.82 


1035- F 

...do 

60 

97 

1.62 

507 

50.7 

.84 

15 per rent beef spleen, 
No, 1806 

1037-A 

Male 

60 

179 

2.08 

628 

04 20 

1.57 

1037-B 

...do 

f»0 

201 

3 35 

672 

100. 80 

1.68 


1037-C 

...do 

60 

207 

3. 45 

(i8] 

102. 15 

1.70 


1037- D 

Female-,. 

60 

lUH 

. l.HO 

496 

74.40 

1.24 


1037-K 

— .do 

60 

106 

1.77 

515 

77. 25 

1.20 


1037- F 

...do 

60 

122 

2.03 

464 

f0.{)0 

1.16 

1.3fi iHir cent beef li\er, 

l()5fi-A 

Male. 

fiO 

150 

2 65 

539 

7. 33 

. 12 

No. 1800 

10.56- C 

...do 

60 

204 

3 40 

649 

8.83 

.15 


1956-E 

.. (io 

00 

174 

2 90 

581 

7. IK) 

.13 


1(I56-B 

Female . . 

60 

117 

1 95 

409 

5. .56 

.00 


1056-1) 

...do 

60 

113 

1 88 

465 

6 32 

. 10 


I0,5fj-F 

...<lo 

60 

117 

1 95 

479 

(i. 51 

.11 

3 per cent beef liver, No. 

1043- A 

Male 

60 

2(K) 

3 33 

<i(,2 

10. 86 

.33 

1800 

J043-B 

...do 

60 

2.)4 

4 23 

764 

22.02 

.38 


1043-C 

- do 

60 

225 

3 75 

1*87 

20.61 

.34 


1 1043' F. 

. . do. ! 

! tK) 

203 

3. 38 

1 665 

19.05 

.33 


1043 i) 

Female 

60 

i:i8 

2 30 

' .523 

16.69 

.26 


i 1043- F 

L-.d<i 

60 

141 

2 3.'. 

592 

17. 76 

.30 

1.38 i)cr cent poik liver, 

10.57- A 

Male 

60 

154 

2. .17 

.542 

7.48 

.12 

No. 1806 

1057-C 

...do 

60 

120 

2.00 

486 

6. 71 

.11 

j 

1057- E 

i_..do 

60 

160 

2 67 

520 

7.30 

.12 


10.57- B 

Female 

00 

119 

1 98 ! 

482 

6. 65 

.11 


1 1057- D 

!— do 

60 

134 

2.23 

550 

7 59 

.13 


1057-F 

|...do 

60 

133 

2.22 1 

1 526 

7.26 

12 

3.06 per cent pork liver, 

1 1042- A 

Male 

60 

262 

4.37 

753 

22. 97 

.38 

. No. 1806 

1 1042-B 

...do 

60 

192 

3.20 

624 

19.03 

.32 


1042-C 

...do 1 

60 

218 

3 63 

687 

20.95 

.35 


1042-E 

-.do 

60 

206 

3. 43 

661 

20.16 

.34 


1042- D 

Female 

60 

130 

2.17 

502 

17. 14 

.28 


1042-F 

.. .do 

60 

149 

2.48 

565 

16.03 

.28 

1.34 i>er cent beef kidney... 

1074- A 

Male 

60 

113 

1.88 

448 

6.00 

.10 

1074-B 

...do 

60 

139 

2.32 

462 

6,10 

.10 


1074-C' 

-..do 

60 

119 

1.98 

437 

5.86 

.10 


1074-D 

Female ... 

60 

81 

1. 35 

364 

4.88 

.08 


1074-E 

...do 

60 

02 

1.53 

428 

5.74 

.10 


1074-F 

...do 

60 

08 

1.63 

380 

5.00 

.08 

2.77 per ce nt beef kidney. . . 

1069-A 

Male 

eo 

107 

3.28 

583 

16. 15 

.27 

1069-C 

-.do 

60 

233 

3.88 

654 

18. 13 

.30 


1069-E 

—do 

60 

223 

8.72 

616 

17.06 

.28 


1069-B 

Female 

63 

134 

2. 13 

558 

15.46 

.24 


1089-1) 

...doib 

60 

113 

1.88 

420 

11.77 

.20 


1060-F 

...do 

03 

135 

2.14 

1 523 

i 

14.49 

.23 


The experiments with beef liver, pork liver, and beef kidney as 
sources of vitamin G in the diets of rats are shown in Figures 8, 9, and 
10, and in Table 2. An examination of these figures mdicates that 
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Figure 7.—Qrowth of rats fed difTeient perooutages of dried beef spleen as the souice of vitamin 
G . The pel centage is expressed in terms of fat-free dried beef spleen. The broken lines indicate 
growth upon the basal ration alone; tbesolid lines denote grow tn after dried beef spleen had been 
added to the basal diet as a source of vitamin O 
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Fiours 8,— Growth of rats fed different ijeroentages of dried beef liver as the source of vitamin G. 
The petcentage is expressed in terms of fat-free dried liver. The broken lines indicate growth 
upon the basal ration alone; the solid lines denote growth after dried liver had been added to the 
basal diet as a source of vitamin G 
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Figure 9.— Giowth of rats fed different percentages of dried pig^llver w the source of vitamin O. 
The percentage is expressed in terms of fat-free dried liver. The broken lines indicate growth 
upon the basal ration alone; the solM lines denote growth after dried llvei had been added to the 
basal diet as a soui ce of vitamin G 
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Fjourf. 10.— Orowth of r»ts fed different Dercentages of dried beef kidney as the source of vitamin 
G. The percentage is evpreasod in terms of fat-free dried beef kidney. The broken lines indicate 
growl h upon the basal ration alone; the .solid linos denote growth after dried beef kidney had been 
added to the ba.sal diet as a source of vitamin Q 
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liver and kidney were very much richer in vitamin G than lean meat. 
Thus, as little as 1.38 per cent of dried beef liver or dried pork liver 
induced very good growth in rats, and 3 to 3.05 per cent of the same 
products promoted excellent growth. Beef kidney when it constituted 
1.34 per cent of the diet, did not seem to be ^uite so good a source of 
vitamin G as liver, yet 2.77 per cent of the dried kidney induced rapid 
growth. 

Table 2 shows that male rats which were fed approximate^ 3 per 
cent of diied beef or dried pork liver as a source of vitamin G made 
average daily gains ranging from 3.20 to 4.37 gm., and that female 
rats fed the same rations made gains ranging from 2.17 to 2.48 gm. 
Average daily gains made by male rats fed 2.77 per cent dried beef 
kidney ranged from 3.28 to 3.88 gm., and the gains made by the 
female rats fed the same rations ranged from 1.88 to 2.14 gm. 

SUMMARY AND CONCLUSIONS 

In this paper are reported the results of feeding experiments with 
young albino rats to determine the relative quantities of gro’wth- 
promoting vitamin G in beef, pork, lamb, beef spleen, beef liver, pork 
liver, and beef kidney. Comparisons are made on the basis of air-dry, 
fat-free material. 

Beef, pork, and lamb appeared to contain approximately the same 
quantities of vitamin G, mlowance being made for some variation in 
the vitamin content of different lots of the same kind of meat. From 
15 to 25 per cent of dried beef, pork, or lamb furnished sufficient 
vitamin G for excellent growth in rats. 

Beef spleen contained approximately as much vitamin G as beef. 

Beef liver, pork liver, and beef kidney were found to be rich sources 
of vitamin G. Apparently those products contained approximately 
five to eight times as much of this vitamin as beef, pork, or lamb. 
Three per cent of beef liver, 3.05 per cent of pork liver, and 2.77 per 
cent of beei kidney, respectively, furnished an ample sup{)ly of vitamin 
G for rapid growth in rats. The minimum quantity necessary for 
normal growth is probably considerably less than the proportions 
indicated. 



RELATION BETWEEN THE VIGOR OF THE CORN PLANT 
AND ITS SUSCEPTIBILITY TO SMUT (USTILAGO ZEAE)' 

By C. H. KvLii 

Senior Agronomist in Corn Investigations^ Office of Cereal Crops and Diseasesy 
Bureau of Plant Industryy United States Department of Agriculture 

INTRODUCTION 

A number of investigators have found that the proportion of 
smutted corn is usually greater on more fertile than on less fertile soil. 
Some appear to have field the view that the increased smut on fertile 
soil is due to more favorable conditions favoring spore production. 
Hitchcock and Norton ^ state that 

smut is usually more abundant when the soil has been recently manured ♦ ♦ 

Since manure forms a favorable breeding ground for smut, fresh manure should 
not be applied to corn ground, especially in damp soil. 

Others who may have in part subscribed to this view associate sus- 
ceptibility with a tender, succulent, vigorously growing coiidition of 
the corn tissues. 

Selby and Hickman,^ referring to the smutting of com, noted that 
^^sod ground or manured land may be expected to show more smut 
than corn stubble.’^ Arthur and Stuart ^ have written that 

another way in which the plant is made more liable to infection is by increase in 
the amount of tender growing tissue. This may be brought about by more 
luxuriant growth, due to greater water or fooii supply. 

PiemeiseP stated that ‘‘a moist, rich soil produces a very vigorous 
succulent plant which apparently is also more susceptible to smut.^^ 
After investigating the vegetative vigor of the host plant as a factor 
influencing susceptibility or resistance to certain rust diseases of the 
higher plants, Raines ® states: 

* ♦ * the vegetative vigor of the host and the virulence of the disease 

may be in direct relation. ♦ ♦ * a more catholic ]>oint of view in pathological 

thought, recognizing that, for longer or shorter phases in the course of a disease, 
the relation lx?tween host and parasite may be highly muUialistic, would be of 
material value as a working concept in the" study of disease and in defining the 
practical problem of disease prevention and control. 

Since yield is one expression of vigor, it is desirable that the corn 
breeder, seeking increased yield through the selection of resistant 
strains, should have a clear understanding of the relations between 
host vigor and susceptibility to the smut of corn. Most com breeders 
are rejecting seed of smutted plants on i^eneral principles except for 
unusual reasons. If vigor and susceptibility are directly associated 
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it seems that the general tendency of such practice mav be to produce 
less vigorous and possibly less productive corn. The data that follow 
are offered as a contribution in the solution of this problem, 

METHODS AND MATERIAL 

The experiments herein reported were conducted on the Arlington 
Experiment Farm, Rosslyn, Va., in 1925, 1926, and 1927. Corn lines 
that had been selfed 6 to 1 1 years and Fj crosses between such lines 
were used. Field comparisons were usually made between short 
single-row plots, repeated in systematic order as often as the quantity 
of available seed would permit, ranging for the different tests from 
six to twenty-one times. Exceptions to this general rule are noted in 
the text. 

Natural infection was relied upon to produce the disease. It is 
believed that there was abundant opportunity for plants to become 
smutted, as from 60 to 100 per cent of the plants of extremely sus- 
ceptible strains grown in plots adjacent to the experimental plots were 
diseased. Only the nodal smut infections are reported here. Nearly 
all, if not all, of these originated in lateral buds or potential ear shoots. 
The infection of leaves and other plant parts was of very minor 
importance hi these experiments. 

Vigor in these experiments was measured by relative size or by 
weight of total plant growth produced per average unit of time or by 
weight of grain produced by plants requiring about the same time to 
mature. All weights were determined on uniformly air-dry material. 

DIFFERENCES IN DEGREE OF VIGOR AND THE RELATIVE 
NUMBER OF SMUTTED PLANTS 

f 

DIFFERENCES BETWEEN Fi CROSSES AND THEIR SELFED PARENTS 

In 1 925 two relatively resistant selfed lines and the Fi cross between 
them and two relatively susceptible selfed lines and the Fi cross 
between them were compared for their reaction to smut. Each line 
and each cross was grown in 20 distributed lO-plaiit rows. The 
percentage of smutted plants in each and the excess percentage of 
smut in the crossover that in the more susceptible of the two parents 
are shown in Table 1. The cross of the resistant lines had 1.3 ± 0.80 
per cent and the cross of the susceptible lines had 10.7 ± 1 .89 per cent 
more smutted plants than the more susceptible parent. As each cross 
matured as early as either of its parents and the amount of plant 
growth was much greater, the vigor as expressed by the average 
growth rate also was greater. Vigor and the percentage of smutted 
plants, therefore, tended to be directly associated in both the resistant 
and the susceptible cortL The difference in the resistant com, how- 
ever, was not significant statistically. 

DIFFERENCES BETWEEN PLANTS OF THE SAME Fi CROSSES 

In 1926 seed of 21 crosses was planted, each cross being placed in 
two adjacent rows. The seed was dropped 3 inches apart and the 
seedlmgs were thinned to the usual stand five weeks after planting. 
In thinning, the larger seedlings were left in the first row of each cross 
and the smaller ones were left in the second row. Field ob^rvations 
showed that these relative differences in plant size tended to be con- 
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tiniioiis throughout the season. When the plants were mature there 
were 241 from the larger seedlings and 239 from the smaller ones. 
In the first class there were 54 smutted nodes and 33 smutted ears 
per 1,000 plants. In the second class there were 25 smutted nodes 
and 17 smutted ears per 1,000 plants. In other words, 116 per cent 
more nodal smut ana 94.1 per cent more ear smut were associated 
with the larger than with the smaller plants. The com from the 
larger seedlings, as a whole, matured in slightly less lime. Its vigor, 
as measured by average growth per day, therefore, was certainly 
greatCT than that of the plants from the smaller seedlings. 

Table 1 . — Relative proportions of smutted plants in selfed lines and in crosses from 
them grown at Arlington Expert merit Farm, Rossi yn, Fo., in 1925 


] Excess over 

that of the 
I Smutted irioi e siis- 
I plants tienlihle 

! of tile two 

' jiarents 

Per cent 
; 2 2±i). 47K 

..Wti 
..Vi7 

fi7 H-t . 

, 9l.9rhl 257 
«1.2i J 417 


“Numbers preceded by C I. are a<*eessi'm ntimbeis of the Oflice of (’oieal Ciops and l>i.seases, and 
numbers preceded by F are self-fertilired lines of the aeciMwion. 

DIFFEUENCES DUE TO DIFFERENT METHODS OF CULTURE 

In 1927 two 6-row plots 132 feet long of furrow-planted com alter- 
nating with similar plots of level-planted com were grown. The two 
outside rows of each plot were guards. The four inner rowrs consisted 
of two adjacent rows of each of two crosses. Each rowr was treated 
as a replication. The furrow -planted corn w as planted in furrows 
that had been opened with a lister and was left without cultivation 
for the first 73 days after planting. The furrows then were filled by 
cultivation to the level of the land in the other plots, and subsequent 
(‘ultivation was the same as that for the others. The level-planted 
com was cultivated in the normal w^ay. 

'The relation between the degree of smut infection and the average 
growth rate during the 73 days following planting for two Fj crosses, 
^37X86 and 49X99, and for both treatments is shown in Table 2. 
The numbers of smut galls recorded are those on all the plants in each 
replication, and the plant w^eights are the average weights of all plant 
growth above the groimd for 10 representative plants from each 
replication. For cross 37X86 the average height of the furrow- 
planted com at this time was 38.4 and of the level-planted corn 46.3 
inches. For cross 49 X 99 the height of the furrow-planted com was 
44.5 and of the level-planted com 49.6 inches. 

Many of the furrow-growm plants were distinctly lighter green 
than those in the level planting. The plants in the level-planted 
plots had more smut galls per 1,000 plants than those in the fuiTow- 
planted plots in seven of the eight comparisons. The average luim- 
ber of smut galls per 1,000 on the level-planted com was 2.5 times 


Per cent 

1 aio 80 
i6.7dLl 89 


Holfod linas and Ft crosson bpiweou them « 


Resistant ■ 

(\ 1 207 F-r)4 . 

{’. J 207 F'54\C\ I 21S F-79... 

('. 1. 218 F~79 

Su.sceptible 

(M.207 FW) 

(’ J 207 F-90XC. 1 218 FHW 
(' I 218 F~69 
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that on the furrow-planted com for cross 37X86 and 1.8 times for 
(TOSS 49X99. The average plant weight and the average daily gain 
in weight in the level-planted plots were greater than those in the 
furrow-planted plots in seven of the eight comparisons. The average 
daily weight increase of the level-planted corn was 1.7 times that of 
the furrow-planted corn for cross 37 X 86 and 1 .5 times for cross 49 X 99. 


Tablk 2. — Relation between degree of smut infection and average growth rate of two 
Fi corn crosses during the 73 days following planting under furrow and level cul- 
ture on the Arlington Experiment Farm^ Rosslyn^ Va,, in 1927 



Furrow-planted corn in- 

- 

Level-planted corn in— 

Item 

Howl 

Row 2 

Row 3 

Row 4 

All 

rows 

Rowl 

1 

Row 3 

Row 4 

All 

rows 

Cross 37 Xm- 









71 

285 

Total numl)er of plants 

89 

90 

87 

97 

363 

70 

67 

77 

Total number of smut galls. 
Numl)er of smut galls per 

9 

9 

21 

28 

67 

31 

38 

34 

29 

132 

1,000 plant*« 

101 

100 

241 

289 

185 

44.3 

567 

442 

408 

46:1 

Average plant weight 

44.1 


(grams) * 

45.7 

43.9 

59.4 

48.3 

80.0 

78.9 

89.7 

86.3 

83.7 

Average daily weight In- 

1.15 

rrease (grams) 

.03 

.60 

.81 

.60 

.66 

* 1.10 

1.08 

1.23 

1. 18 

Cross 49X99: 









1 


Total number of plants 

85 

95 

' 84 

83 

1 ;147 

76 

75 

68 ! 

1 73 

292 

Total number of smut galls. 
Number of smut galls per 

1 

0 

0 

5 

6 

3 

3 

2 

1 

1 

9 

1,000 plants — 

Average plant weight 

12 

0 

0 

60 

17 

39 

40 

29 

14 

1 

31 

71.4 

(grams).. - 

35.3 

1 44.7 

46.4 

66.2 

48.2 

81.0 

65.6 

72.7 

1 66.1 

Average dally weight in- 

.98 

crease (grams) 

.48 

.61 

.64 

.91 

.66 

1.11 

.90 

1.00 



The relation between the degree of smut infection and the average 
growth rate of the two Fj crosses, 37X86 and 49X99, during the 
period between planting .and silking for the two types of planting is 
shown in Table 3. The numbers of smut galls are the totals for all 
the plants in each replication, and the plant weights are the average 
weights of all plant growth aboveground for 10 representative plants 
from each replication. 


Table 3. — Relation between degree of smut infection and average growth rate of two 
F\ corn crosses during the period between planting and silking under furrow and 
level culture on the Arlington Experiment Farm^ aosslyn^ Fo,, in 1927 



Furrow-planted corn in— 

I^vel-planted corn In— 


Data 

Rowl 

Row 2 

Row 3 

Row 4 

All 

rows 

Rowl 

Row 2 

Rows 

Row 4 

All 

rows 

t Voss 37X86; 

Total number of plants 

76 

^ 76 

73 

81 

306 

51 

48 

13 

57 

60 

21^ 

Total number of smut galls. 

8 

5 

9 

12 

34 

22 

24 

31 

90 

Number of smut galls per 
1,000 plants 

105 

66 

123 

148 

in 

431 

271 

421 

517 

417. 

Average number of days 
from planting to silking. . 
Average plant weight 
(grams) 

.dlO 

110 

105 

109 

108.5 

105 

106 

104 

102 

104.3 

188.5 

195.0 

257.7 

204.9 

211.5 

3ia5 

338.1. 

355.7 

385.2 

347.4 

Average daily weight in- 
crease (grams) 

1.71 

1.77 

2.45 

1.88 

L95 

2.96 

3.19 

3.42 

3.78 

1 3.33 

Cross 49X99: 

Total number of plants... , 

74 

86 

74 

73 

307 

66 

64 

59 

64 

253 

Total number of smut galls. 

3 

4 

4 

5 

16 

7 

4 

a 

10 

82 

Number of smut galls per 
LOGO iatutts 

41 

47 

54 

68 

52 

106 

63 

186 

156 

126 

Average number of days 
hrom planting to silking.. 
Average plant weight 

106 

104 

161 

102 

103.3 

102 

101 

101 

101 

101.3 

(grams).. 

178.9 

1 201.9 

266.5 

296.7 

mo 

321.8 

348,0 

ms 

345.7 

339,3 

Average -dally weight in- 
> eieate (grains) 1 

1.69 

1 L94: 

2.64 

2.91 

2.28 

3.18 

3,45 

3,85 

3.48 

3.33 
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For cross 37 X 86 the average height of the furrow;^lanted corn was 
89.8 and of the level-planted corn 104.2 inches. For cross 49X99 
the height of the furrow-planted corn was 103.8 and of the level- 
planted corn 114.8 inches. For the first cross the average number of 
days from planting to silking required by the furrow-planted corn 
was 108.5 and by the level-planted corn 104.3. For the second cross 
the average number of days from planting to silking for the furrow- 
planted corn was 103.3 days and for the level-planted corn 101.3 days. 

The level-planted corn had more smut galls per 1,000 plants than 
the furrow-planted corn in all eight comparisons. The average 
number of smut galls per 1,000 plants on level-planted corn was 3.8 
times that on the furrow-plantea corn for cross 37X86 and 2.4 times 
for cross 49X99. 

The average plant weight and the average daily weight increase 
on the level-planted plots were greater than those on the furrow- 
planted plots in all comparisons. The average daily weight increase 
of the level-planted corn was 1.7 times that of the furrow-planted 
corn for cross 37X86 and 1.5 times that of the furrow-planted corn 
for cross 49 X99. 

The relation between the degree of smut infection and the average 
growth rate of the Fi corn cross 37 X 49 during the entire grow th period 
for the two methods of planting is shown in Table 4. Each datum 
is the average of those from 10 plants. The 60 plants of furrow'- 
planted corn and the 60 plants of level-planted corn were so selected 
that a plant started in a furrow^ stood opposite a plant started in an 
adjacent row on level land. All plants gi’ew in a normal stand. 
The average growth period for the furrow planting was 153 days 
and for the level planting 150 days. 

Table 4. — Relation between degree of smut infeetton and average growth rate of 
an F\ corn cross, during the entire growth period for furrow and level 

planting on the Arlington Experiment Farm^ Rosslyn^ Va., in 10'£7 


Number 

of smut 

Average dally weight increase in- ~ 

galls i»©r 1,000 
plants— 

Mature culms on 
plants— 

. 

riant yield of grain 
from plants— 

Furrow 

Level 

Furrow 

I<evel 

Furrow 

Level 

planted 

planted 

planted 

planted 

planted 

planted 

100 

300 

Oram 

a 82 

Oram 

0.92 

Oramf 

2.07 

Ora ms 
2.45 

0 

300 

.67 

.82 

1.61 

2.00 

100 

300 

.70 

.90 

1.99 

2.86 

0 

100 

.63 

.81 

1.38 

2.11 

0 

200 

.62 

.71 

1.39 

1.76 

100 

m 

.63 

.78 

1.80 

1.94 

Av. 50 

300 

.63 

.82 

1.71 

2.19 


The level-planted com had more smut galls per 1,000 plants and 
a larger average daily weight increase of culm and of grain than the 
furrow-planted com m all six oomparisons. The averages show that 
there were 6 times as many smut galls per 1,000 plants, 1.3 times m 
much culm growth, and 1 .3 times as much grain growth per day in 
the level-planted com as in the furrow-planted com. The furrow- 
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planted rows from which the plants were taken for these determina- 
tions contained a total of 226 plants, 11 (or 49 per 1,000) of which 
were smutted. Of the 208 plants in the level-planted rows 37 (or 
178 per 1,000) were smutted. 

The number of intemodes and the average length, average cir- 
cumference, and average weight of the individual internodes of 60 
plants from furrow and from level planting are shown in Table 5. 
These are the same plants for which data are presented in Table 4. 
The data are arranged in the order of the internodes on the plant, 
internode No. 1 being nearest the ground. 

Table 5. — Effects of furrow and leiel planting on the morphology of the culms of 
mature corn plants of the Fi cross 37X4^, grown on the Arlington Experiment 
Farmy Itosslyny Fa., in 1937 
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In addition to the basic weights and measurements, the data for 
the furrow-planted corn are expressed as percentages of those for thf^ 
level-planted coni. The intemodes of the furrow-planted com were 
equal or more than equal in length to those of the level-planted coni,i 
except in the case of mtemodes 2 to 8, which were distinctly shorter. 
The greater length of intemode 1 of the furrow-planted com agrees 
with the field observation that the seedling growth of the furrow- 
planted com was better than that of the level-planted com. 

All of the intemode circumferences of the furrow-planted corn 
were less, than those of the level-planted com, with no outstanding 
variations that can be considered a trend. 

All of the intemode weights of the furrow-planted com were less 
than those of the level-planted com. The relative w^ighte.g^f inter- 
nodes 2 to 8 of the furrow-planted com appear to be consistenldy 
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less than most of the others. Intemodes 13 and 14 also are distinctly 
lighter than neighboring intemodes. Since more ears were attached 
at the thirteenth node than at any other, it may be that the lighter 
weight was in some way associated with ear production. The culms 
of the furrow-planted corn as a whole were taller but slenderer and 
lighter in weight than those of the level-planted corn. All of the 
smut galls were at the second and third nodes of the furrow-planted 
com. In the level-planted corn, two-thirds were at the four lower 
nodes and the other third was scattered upward to as high as the 
tenth node. The nodes that tended to have the most smut infections 
were in that portion of the plant where the intemodes were most 
retarded in growth by the furrow planting. In these experiments 
the relation is obvious between smut infection and vigor as expressed 
in relatively rapid growth. 

DIFFERENCES IN THE PROPORTION OP GROWING TISSUE 

Table 6 shows the relation between the average daily weight 
increase and the percentage of water in 40 plants of each of the two 
crosses, 37X86 and 49X99, at 73 days after planting and at silking 
time. The data are arranged under each planting method in the 
order of the air-dry w^eights of the plants, those for the 10 heaviest 
plants of ('ach group being shown at the top. The plants are the same 
as those of Tables 2 and 3. 


Table: (i. — Rvlaiiov hctnucrt averatje dailij weight increase ami 'percetitage of water 
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In all eight comparisons of plants, both at 73 days after planting 
and at silking, the average daily weight increase was greater when 
the corn was level planted than when it was furrow planted. 

In seven out of eight cximparisons the corn 73 days after planting 
contained a larger percentage of water when level planted than when 
furrow planted. Also, with one exception, the percentage of water 
content decreased with the average air-dry weight of plants within 
each cross under each cultural method. Although the differences 
were small, it is clearly apparent from the general trend that there 
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was a direct association between the average daily weight increase 
and the percentage of water in the com 73 days after planting. There 
also was a direct association between the average daily weight 
increase and the relative number of smut infections (Tables 2, 3) and 
between the percentage of water in the com at this age and the relative 
number of smut infections. 

The percentage of water in the silking plants did not show consistent 
trends, ranging from 2 to 8.1 per cent less and averaging 5.8 per cent 
loss than that in the plants 73 days after planting. All of the inter- 
nodes and most of the leaves of the 73-day com were growing, and 
those of the silking com had nearly completed growth. The greater 
percentage of water in the 73-day corn was probably due to its 
larger proportion of growing tissue. The greater percentage of 
water in the level-planted corn as compared with that in the furrow- 
planted com also suggests a laiger proportion of growing tissue in 
the former. This growing tissue may have included leaves, leaf 
sheaths, culms, and potential car shoots. 

The ear shoots obviously were much more susc.eptible to smut 
than any of the other plant parts. Usually infected ear shoots 
observed early in the development of the smut gall were found to be 
clearly differentiated into husks, cobs, and, in a relatively few cases, 
kernels. The husks usually escaped attack, although in vigorously 
growing plants of selfed line 86 and in some of its crosses very young 
husks sometimes wore smutted. Here the fungus apparently de- 
veloped in or near the rneristematic portions. Most of the infections 
causing smut galls on the ear shoots occurred in the cobs and partic- 
ularly in the ovules. Quite commonly the galls grew from the ovules, 
without superficial modification -of the surrounding tissues. During 
several years of observation, kernels that had developed under field 
conditions to a stage where they could be recognized as such have 
been found smutted in only three or four ears. 

These observations indicate that one of the conditions necessary 
for infection of com by smut is the presence of very young, possibly 
rneristematic, tissue. 

Rapidly growing com would be expeteted to contain a larger pro- 
portion of young tissue than slowly growing com. The differences 
in moisture content noted indicate agreement with this expectation. 
This may be one reason for the direct association between differences 
in vigor and proportion of smutted plants. 

INHERENT DIFFERENCES OF BREEDING UNES 

/ 

Table 7 shows the relation between Arigor, expressed by relativei, 
growth weights, and the relative number of smut galls in each of ( 
seven selfed lines of com and Fj crosses between them. 

The average daily weight increase of plants up to silking is based 
on 10 representative plants of a selfed line selected so as to be most 
nearly comparable with the representative plants of other lines. 
The data on smut infection in 1927 were taken on the rows sam^ed 
for detemuning the average daily weight increase up to silking, ^e 
data on sthut in the selfed lines and their crosses in 1925 were taken 
in adjacent plots. They are all arranged in the order of average daily 
increases in weight of selfed-line plants up to silking. 
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Table 7. — Relation between vigor^ expressed by relative growth weights^ and the 
relative number of smut galls in each of seven selfed lines of corn and Ft crosses 
between them, as grown on Arlington Experiment Farm, Rosslyn^ Fa., in 1925 and 
1927 
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The number of da^vs from planting to silking for the lines did not 
differ widely, except in the case of line 79, which required 6 days more 
than the line with the next longest period and 12 days more than the 
line with the shortest period , The average diy weights of silking plants 
and the average daily weight increases of silking plants of the different 
lines ranked the same, except for line 79. The daily weight increases 
expressed as a percentage of that of line 54 (column 5) show a range 
in the rate of growth of 51.5 per cent. The numbers of smut galls 
per 1 ,000 plants for the selfed lines in 1927 (column 7) are in the same 
order as daily increase in plant weight with the exception of that for 
line 49. The relative numbers of smut galls in 1925 (column 9) also 
are in this order except for lines 86 and 79. In both yeai's the number 
of ‘smut galls per 1,000 plants in each of the three most rapidly grow- 
ing lines, 37, 86, and 9, was greater than that in any of the other four 
^nes. The data for the two years are in substantial agreement and 
jffehow a direct association between smut infection and relative vigor 
^as expressed by the average daily increase in plant weight up to silking. 

Data also are presented in Taole 7 on the average of crosses between 
eachlineandeacnof the six other lines in the experiment. ' The highest 
average yield of grain per plant from the crosses in 1925 was from those 
of line 64, which is the hne with the midrate of plant growth up to 
silking. The yields are presented in column 12 as percentages of the 
average yield of the crosses of line 64. The crosses of the three lines 
with rates of growth greater than line 54 produced from 2.8 to 4.2 
per cent less, and the crosses of the three lines with rates of growth less 
than line 54 produced from 1.9 to 10.3 per cent less grain per plant 


i 



Journal of Agricultural Research 


Vol. 41, No. 3 


230 


than those of line 54. In other words, the relative average vigor of 
the crosses of lines 37, 86, and 9 was proportionately less and that of 
the crosses of lines 99, 49, and 79 was proportionately greater than that 
of their respective parents. This is shown by dividing the percentage 
of yield of the hybrids (column 12) by th^ercentage of daily weight 
increase of the parent line (column 5). Tme ratios (column 13) are 
inversely proportional to the average daily weight increase up to 
silking of the parent selfed lines (column 6), the tendency being con- 
sistent throughout the seven lines; that is, the vigor in the crosses 
above that of the parents (column 13) was inversely proportional to 
the vigor of the parent lines (column 5). The relative numbers of 
smutted plants in the crosses were substantially in this same order 
(column 15), indicating an association between smut infection and 
increased vigor due to hybridity. 

Table 8 shows the effect on the wld of the Fi crosses of selecting and 
crossing selfed lines of com with different degrees of resistance to smut. 

Table 8 . — Effect on yield of Fi crosses of selecting and crossing selfed lines of corn 

with different degrees of resistance to smutf ds grown on the Arlington Experiment 

Farm, tiosslyn, Va,, in 19^5 
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The number of smut galls per 1,000 plants of the parent lines of 
the susceptible group is from 4.9 to 18,7 times as large as that of 
the resistant group. The average of all the parent lines of the sus- 
ceptible group is 9.8 times as large as that of the resistant grotip. 
Although the suscei)tible parent lines were much more diseasea than 
the resistant lines, only one of the crosses (9X86) from them was 
less productive than any one of the crosses from the resistant parents. 
One cross from susceptible parents equaled the yield of the best- 
yielding cross from resistant parents, and one was distinctly mor^ 
productive than any other in the comparison. The crosses from thL 
susceptible group as a w^hole averaged 13*2 per cent more grain per^ 
plant than those from' the resistant group. 

It has been shown’' that ears well protected by husks are less sus- 
ceptible to smut* The ears of selfed lines 9 and 80 and the cross 
between them had relatively poor husk covering, and smut galls 
commonly developed on the protruding ear tips of this cro^* Many 
of these smutted ears had noticeably shriveled kernels, whereas the 
unsxnutted ears of this and the other crosses did not show this defect, 
j^thaugh smut galls were present on other parts of the plants. Smut 

rKrtt , C* H. relation or HvaK coverino to smvt Of CORN ears, U, 8^ Dept. Agr. Bui. t20. 
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infection apparently caused a disproportionate loss of grain in this 
cross, which in turn reduced the superiority in grain production of the 
susceptible crosses as a group. 

The resistant lines in this experiment were relatively low in vigor, 
and the crosses between these lines, as a whole, produced less grain 
than those from the relatively more vigorous susceptible lines. 

SUMMARY AND CONCLUSIONS 

Com lines that had been selfed 6 to 1 1 years and Fi crosses between 
such lines were studied for relative vigor and smut reaction. Vigor 
was measured by relative size or by weight of total plant growth 
produced per unit of time or of grain produced by plants requiring 
about the same time to mature. 

In 1925 crosses between relatively resistant lines and between 
relatively susceptible lines all had more smut galls per 1,000 plants 
than their less vigorous parents. 

In 1920 plants of the same crosses differing in vigor were compared 
in 21 Fi crosses. The results show that the vigorous plants had 
more smutted nodes and more snmtted ears than the less vigorous 
plants. 

In 1927 listed and level-planted corn were compared. The listed 
corn grew more slowly than the level-planted com. The culms were 
slenderer and lighter in weight when mature and had fewer smut 
galls both when the furrowed land was leveled (73 days after plant- 
ing) and when the corn was mature. The furrow-planted com also 
produced less grain than the level-planted com. The nodes that 
tended to have the most spiut infections were in that portion of the 
plant where the intemodes were most retarded in growth by the 
furrow planting. 

The percentage of water in immature corn plants was directly 
associated with growth rate and the relative number of smut galls. 

The relative vigor and susceptibility of seven selfed lines of corn 
and of Fj crosses between them were studied. Tlie number of smut 
galls per 1,000 plants in each of the three most vigorous selfed lines 
was greater than that in any of the four other lines in 1925 and 
1927. In general tendency the effe<*t of crossing on the vigor and 
susceptibility of these corn lines was the same, relative changes hav- 
ing been produced in accordance with a similar mode of inheritance. 
Extreme resistance, obtained by selection, was found in selfed lines 
of relatively low vigor; crosses l)etween these lines, as a whole, pro- 
ducred less grain than those from the susceptible lines which were 
datively vigorous. 

The data presented show a clearly defined tendency in the com 
plant for vigor to be directly associated with the relative number of 
smutted potential ear shoots. This association holds when the 
differences in vigor are caused (1) by differences in the environment, 
(2) by plant variations within crosses, (3) by differences in heterosis 
between crosses and their selfed parents, and (4) by differences 
inherent in the different selfed lines. In selecting smut-resistant 
selfed linos it must be borne in mind that smut resistance in some 
cases may be due to lack of vigor. The use of strains having such 
low vigor may result in lower yields, 




A COMPARATIVE STUDY OF THE CITRUS BLAST BAC- 
TERIUM AND SOME OTHER ALLIED ORGANISMS' 


By Clayton O. Smith, Associate in Plant Pathology^ and Howard S. Fawcett, 

Professor of Plant Pathology and Plant Pathologist^ California Agricultural 

Experiment Station 

INTRODUCTION 

A previous report (25) ^ has been made of the pathogenicity and 
characteristics of the three organisms, BacteHum citriputeale C. 0. 
Smith, Bad. syringae (Van Hall) E. F. S., and Bad. cerasi (Griffin). 
The last should not be confused with Phytomonas cerasi Wraggi 
Sackett, a yellow viscid organism producing a disease of leaves and 
fruit of Wragg cherry (20). Bad. citriputeale was described in con- 
nection with mack pit and blast of Citrus, Bad. syringae in connection 
with blight of lilac, and Bad. cerasi in connection with gurnmosis of 
cherries, apricots, and plums. This paper is intended to show the 
general similarity and certain differences of these closely related 
organisms and to bring together certain other information regarding 
them. 

HISTORY AND DISTRIBUTION 

Lilac blight due to Bacterium syringae was first described (15, 
p. 191-198) from the Netherlands. The cultural charac- 

t/cristics and successful inoculations on lilac and other hosts by 
BeUerinck were reported. 

The disease w^as found to be of minor importance in the Nether- 
lands, as indicated in a letter from C. J. J. van Hall in 1927. Its 
occurrence has been reported in Illinois by Bryan (5), who has 
redescribed the organism in accordance with recent standards. The 
same disease has also been listed (23) from California on lilacs grown 
at Julian, situated in the mountains and subject to cool, moist condi- 
tions during the winter and spring. This disease has also been 
found in Germany (26) and possibly also in England (I4). Bryan 
(5), however, points out that the symptoms of the disease in England 
as given by Giissow (I4) are unlike those of the disease reported from 
the Netherlands. 

Bacterium cerasi was first described by Griffin (13) and later by 
Barss (3, 4 ) as causing a gumming of sweet cherry in Oregon and 
was later found by Barrett (2) in California, attacking other species 
of Pruniis, as the plum and apricot. It appears to be similar to 
cherry gurnmosis of Germany (1). 

Bacterium cUriputeale was first reported by Smith (22) as causing 
sunken pits on lemons. Coit (7) and Hodgson (16) described a new 
disease of the orange which they called citrus blawst. Later Fawcett, 
Horne, and Camp (I/, 12) found that the causal agent of citrus 
blast, for which Lee (17) had worked out the name Bad. cUrarejacienSi 
was identical with Bad. citriputeale. The black pit on the fruit 
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and blast on leaves and twigs has been reported in Italy by Savastano 
{21) and by Fawcett {9) in Sicily and Italy. It has been also reported 
in West Australia by Came (^), in South Australia and Victoria by 
Lewcock {18), and ‘in Palestine by Keichort and Perlberger {19), 

A disease in South Africa with similar lesions on Citrus has been 
described by Doidge {8) in connection with a different organism. 
Smith {2S) reported briefly a disease of the lilac (fig. 3, E; fig. 4, G) 
in California and a spot of the fruit of avocado from both of which 
was isolated a species of bacterium that in cultural characteristics 

and pathogenicity closely 
resembles the citrus blast 
and black pit organism, 
Bact. citnjmteale. This 
organism has been re- 
peatedly isolated from 
black, water-soaked, or 
somewhat hardened tis- 
sue of avocado fruits. 
(Fig. 1 ,) It was also iso- 
lated from blackish de- 
pressed tissue surround- 
ing the lenticels. It has 
been cultured from the 
Knight, Blackman, Taft, 
and Queen varieties of 
avocado. Persea ameri’^ 
cana Mill. 

PATHOGENICITY ON 
DIFFERENT HOSTS 

Van Hall {15) reported 
positive infections from 
inoculations with Bacteri- 
um ftyringae on lilac, Pop- 
ulus nigra, apple tree, 
pear tree, Prunus maha- 
teb, buckwheat, and Atrip- 
lex horteiisis. Fawcett, 
Horne, and Camp {12) 
successfully infected with 
Bact. citriputeale two spe-/ 
cies of California oak,\ 
Quercus ag^rifolia N4e. 
and Q. mslizenii A. DC. 
They also noted lesions on the latter oak that closely resembled those 
on Citrus. Although they failed to isolate the organism directly 
from these lesions on oak, they were able to obtain it faidirectly by 
using these lesions as a source of inoculum on lemon fruits. Typical 
black pit . lesions developed from which the organism was recovered. 
Bryan {5) has given illustrations of lesions on lilac leaf petioles by 
aruficial inocidations with Bact. citriputeale. The same a\ithor pro- 
duced black pit lesions on lemons by needle pricks with Bact. syringas 
of both the Netherlands and the Illinois strain. These strains, how- 
ever, produced less effect on lemons than Bad. citriputeale. Compare 
size of lesions in temperature relations. (Table 1.) 



Figure 1 . —Naturally occurriug avocado blast on fruit of Queen 
avocado, Per&m amrrkana. Mature spots are circular to 
irregular in shai>e, brownish or black, and 3.5 to 6.6 intn. in 
diameter. They are sui>erlicial, being limited ^most entirely 
to the rind 
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SOURCE OF CULTURES 

The cultures used iii making artificial inoculations reported in the 
present paper were isolated from the following hosts: Bacterium 
citriputeale from lemon fruits and navel-orange twigs in Australia and 
California, and fruit of the avocado in California; Bact. cerasi from 
apricot and cherry twigs in California; Bact. syringae from lilac in 
California, and a culture isolated from lilacs from the Netherlands 
supplied by Mary K. Bryan of the United States Department of 
Agriculture. 

ARTIFICIAL INOCULATIONS 

Inoculations with pure cultures of these three organisms, Bac- 
terium ceraaiy Bact. citriputeale y and Bact. syringae into puiu^tures pro- 
duced definite lesions (fig. 2, A-V; fig. 3, A-T: fig. 4, A~l) in the fol- 
lowing plants: Carissa. grnndiflora DC\; Chalcas exotica Miilsp.; 
Citrus aurantii Linn.; C. limonia Osheck; C. sinensis Osbeck; Cop- 
rosma baueri Endl.; Fraxinus ornus Linn. {F. jloribundg S. P. 1. 
47687); Jasminum primulinum Hemsl.; Juglans regia Linn.; Lyco- 
perscium esculenium Mill.; Malus sylvestris Mill.; Alusa paradisiaca 
Linn.; Nerkun oleander Linn.; Persea americana Mill.; Populus sp.; 
Primus armeniaca Linn. ; P. persica Lieb. and Zucc. ; P. pumila Linn. ; 
P. salicina Lindl. ; Syringa vulgaris Linn. ; S. japonica Decne. ; and S. 
persica var. laciniata. Vahl. 

In puncture inoculations on Prunus armeniaca definite lesions (fig. 
2, P-R) were produced on the fruit, but only slight lesions and gum 
formation on the twigs, except with inoculations of Bacterium cerasi 
where a 20 to 30 mm. lesion developed. On the fruit, twigs, and 
leaves of Persea americana (avocado) (fig. 2, J~M; fig. 3, A~D; fig. 4, 
A*~C) and Citrus species (orange and lemon) definite lesions (fig. 2, 
A-D; fig. 3, G-I) also developed from puncture inoculation. On the 
twigs ol Chalcas exotica and on both twigs and leaves of Coprosma 
baueri (fig. 3, R-S; fig. 4, H-I), Syringa vulgaris (fig. 3, F), and S. 
persica var. laciniata typical lesions developed especially on young, 
rapidly growing tissue. (Fig, 4, D-E.) On twigs of Fraxinus ornus 
(F. florihunda) (fig. 3, M), Popidus sp. (fig. 3, N~Q, and Nerium 
oleander, lesions readily developed on the newer tissue. Lesions also 
were formed on both fruit and tw^igs of Malus sylvestris (fig. 2, Q; 
fig. 3, J-L) and Pyrus comnmnisy these being especially large on the 
fruit of Pyrus communis. (Fig. 2, E-I.) The lesions on the midvein 
of leaves of Musa were 10 to 20 mm. long and became dark colored. 
On the nuts of Juglans regia (fig. 2, T-V), the lesions that resulted 
from puncture inoculations were depressed and small (2 to 7 mm.). 

Most of the lesions on the different hosts resulting from puncture 
inoculations developed in 10 to 14 days, showing depressed brownish 
to black areas usually 5 to 10 mm. long and about 3 to 4 mm. wide. 
The characteristics of lesions on different hosts were in general similar, 
but certain differences were noted ; for example, on the twigs of Persea 
amerimna (avocado) and Populus a narrow, dark-colored streak 
frequently developed from the puncture inoculation and extended 20 
to 30 mm. When examined microscopically, a brownish color was 
found in the cortex and xylem. The vascular part became involved 
from the original puncture and apparently carried the organism short 
distances. Fruits of Lyeopersicum esculentum (tomato), inoculated a 



236 


Journal of AgricuUurdl Research 


Vol. 41, No. 3 



Figure 2.— Artificial puncture inoculations on (niits witli citrus blast anti other closely related 

organisms 

A“D. -“Inoculations on lemons: A, 'With apricot gummosis organism Bacterium eerasi; B, with 
avocado blast, strain of Bad, citrtputeale; V, with citrus blast organism, Bad. citripiUealet from 
orange twigs from California; D, with lilac blight. Bad. tj/ringae, from the Netherlanos. 

K-l.—Puncture inoculations on pears; IS, With apricot gummosis organism; F and G with 
avocado strain of citrus blast; H, with California strain of citrus blast from orange; X, with California 
lilac organism. 

X-AI .-—Insulation on avocados by puncture; J, Puebla avocado witli the apricot gummosis 
pmanisiu; K, Puebla avocado with the avocado blast organto; L, Puebla ayocado with the citrus 
blast organism from Australia; M, Oanter avocado with the i^ethorlands strain of lilac blight. 

N. —Tomato inoculated with California citrus blast onmnism. 

0-K.— “Boyat apricots inoculated by puncture: 0, With Ulac blight organism from Netherlands; 
P, with culture of apricot gummosis; B, with citrus blast from Australia. 

8;*-^Feaeli inoculated by hypodermic injection with dtros blast cuHure, 

T-V.-TEnglish walnum, puncture inoculated; T, With a^eot gummosis organism; V, with 
, eltruS blast from Australia; V, with the California lilac organism. 





Figure 3.->Puncture inoculations on twigs of different hosts 


A-JO. —On shoot of avocado: A, With California lilac organism, Bacterium syringa: B, with apricot 
gummosis, Bad. eerasi; O. with avocado blast organism, Bact. dtriputeaie: D, with citrus blast, Bact. 
citriputeaie, from Australia. 

E, — Natural infection of lilac with Bact, syringae. 

F. —Lilac, Byringa vuigaris, inoculated with avocado blast. . , „ . , . . 

G-1. '-Inoculation on citrus: O, 8our orange with culture of Netherlands lilac blight; H, grapefruit 

(pomelo) with avocado blast; I, sour drange with citrus blast from Australia. , 

J-L.-dnooulations on apple; J, With California lilac blight; K, with apricot gummosis; L, with 
citrus blast from Australia. 

orwtw inoculated with avocado blast. ^ ^ ^ x, 

N<^,-.<«tnocu]ations on PopiUwt sp.; N, With citrus blast from California; C), with avocado blast; 
P, wi^ apricot gummosis; Q» with California lilac blight. ^ ^ i-, i 

H..g.^Xnooulations on Coproama baueri: B, With citrus blast from Australia; 8, with Califomia 
lilac organism. 

T.— -fuQ^atlon of Ja^minum primuUnum: o, Lilac organism hrom Netherlands; h, Calilomia cit- 
rus blast; c, apricot gummosis; if, with avocado blast, 

3o7 
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Figurk 4.— Artificial inoculations on the leaves of difTerent hosts 

A-C.'—lnoctilation by brushing avocado leaves: A. With Bacterium cftriputmie from Citrus; B, 
with lilac organism, Baet, $vringae (Netherlands strain); C, with avocado organisnit Bact, cUriputeule. 

D-F —Inoculations on leaves of lilac: D, Puncture inoculations on Syringe, penica var. taciniuta 
with California -lilac organism; E, puncture inoculations on S. persica iaciniuta with avocado strain 
of Bact, citriputeale: F, puncture inoculations with citrus blast organism from Australia. 

G. — Natural infected lilac leaf from Juliam Calif., similar to those from which the lilac organism 
was isolated. 

H-I.— jbeaves of Coproitma baueri Inoculated by punctures: H, With the avocado blast organism; 
X, with the citrus blast organism from Australia. 
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short time before they reddened, developed small black areas about 
3 to 5 mm. in diameter, surrounded with a gi*eenish zone that did not 
redden like normal tissue. (Fig. 2, N.) In the fruits of pear a 
blackened depressed area 5 to 20 mm. in diameter developed about 
the puncture. The small inoculated fruits fell prematurely, but the 
larger ones remained on the tree for some time. The infected area 
ceased to grow and a depression eventually developed. 

Lesions were also produced *011 some hosts by brushing and atomizing 
without definite injuries. With the avociado, spots developed on the 
young tender leaves when brushed with the organism, especially when 
the brushing was done during a light rain. Under such circumstances 
the conditions for infection apparently were especially favorable. 
Atomized leaves of avocado that were still attacdied to the tree and 
kept under moist chambers have also shown positive lesions. These 
lesions on the leaves show either as a small spot a few millimeters in 
dmmeter wdth a yellow’ margin or as larger areas becoming browmish 
in color from which the dead tissue falls out, leaving holes m the leaves, 
(Fig. 4, A- (^.) This effect has been found on avocado leaves where 
natural infection appears to have taken place during juoist weather. 

The succulent giowth is more readily inoculated than the more 
w’oody tissue. It is probable that the tender succulent giowth of a 
number of hosts besides those listed can, under favorable conditions, 
be successfully inoculated. The successful inoculation in most 
instances depended more upon the virulence of the (*ulture than upon 
the source from which it was isolated. It was usually found that the 
organism when inoculated into the same host from which it was 
isolated, produced a larger and more spreading lesion. This w^as 
esjiecially noticeable in the temperature experiments to be desciibed 
later. (Table 1.) Laiger lesions w-ere caused by the citrus blast 
organism, especially in the albedo or wdiite part of the rind than by 
the other organisms. 

Artificial inoculations (Ui apiicot and cheny with these organisms 
liiider the climatic conditions of southern California did not produce 
the large lesions that girdle the tree trunk as reported on sw eet cheiry 
by Barss (4). Barss, however, secured these results only from the 
winter inoculations ; his summer inoculations gave very much smaller 
lesions, never more than 15 to 25 mm. Puncture inoculations made 
during January in Riverside on sweet cherries with the more virulent 
cultures of Bacterium citriputeale produced in three weeks definite 
lesions 20 to 30 by 10 to 15 mm. These are accompanied wdth much 
. gum formation. These are comparable in size of lesion to those that 
I have betm produced on other hosts. The strain of Bact. eeram from 
^ apricot and sweet cherry and of Bact, syringa from lilac when inocu- 
lated at room temperature by punctures in lemon fiuits, developed 
typical black pit spots that were not distinguishable from those 
produced by Bact. diriputeale. (Fig. 2, A-D.) However, differences 
m size of lesions at different temperatures should be noted. 

OTHER PATHOGENES ON LEMON FRUITS 

The characteristic positive lesions produced on lemons by these 
cultures from such widely different sources as lilac, avocado. Citrus, 
and Prunus (cherry and apricot) would suggest that possibly lemons 
might be readily inoculated with almost any species of bacteria patho- 
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genic to plant tissue. This, however, was not found to be true, for 
artificial inoculations with all other pathogenes tested gave negative 
results when placed in punctures in lemon fruit. The following were 
tested: Bacillus amylovorus Burrill, Bacterium delphinii E. F. 8., Bad. 
tahacum Wolf and Foster, Bad. tumejaciens Smith and Townsend, and 
Bad. juglandis Pierce. 

TEMPERATURE RELATIONS 

It has been found in previous work (IS; 10^ p. 301 ^ 449) that com- 
paratively low temperatures (12.5® C. for lesions on citrus leaves in 
one inoculation by injection and 17® for black pit lesions on lemon 
fruits) are best for the formation of the largest lesions of citrus blast 
and black pit. In the following tests the largest spots occurred at 
13.1® in 10 days for all stains except the avocado. 

The comparative temperature tests here reported were made with 
light-green lemon fruits divided into seven lots of 60 fruits each, one lot 
for each temperature chamber. Fifty lemons of each lot were inocu- 
lated with the five strains of bacteria (10 lemons to each strain) which ai e 
indicated in Table 1 . Ten other lemons were punctured and held as 
controls. Each fruit was inoculated with five punctures about 30 mm. 
apart distributed over one side. A suspension drop of the organism 
grown two days in Czapek^s medium was placed on the surface and a 
puncture 2 mrn. deep in the rind with a blunt needle was made through 
this drop. The fruits were then wrapped in citrus packing paper and 
placed in paper sacks at the various temperatures indicated. Table 1 
shows the average size of spots at different temperatures and at differ- 
ent times. Each average is made up of five spots on each of 10 lem- 
ons, making 50 individual punctures for each average. 

t 

Table 1 . — Average diameter of spots produced by inoculations on lemon fruits 
with five different strains of the citrus blast organism, when fruits were held there^ 
after at seven different temperatures 


Strain and source of inoculum 

I 

Period 

Diameter of spots when fruits were kept at temperatures 
indicaterl 


1 

5.8® C. 

13.1® C. 

17,4® C. 

' 21 . 7 ® C. 

26.6® C. 

29.1® (\ 

31.5® C. 


Days 

Mm, 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 


3 

0 

1.8 

.5.3 

5.4 

6.5 

3.6 

2.8 

Citrus, California 

6 

0 

5.8 

6.9 

5.2 

5.3 

3.6 

2.9 


10 

1.7 

8.1 

6.6 

4.5 i 

6.3 

3.8 

3.0 


a 

0 

1.9 

5.3 

5.3 

4.0 

2.8 

1.9 

C’itrus, South Australia 

0 

0 

6.9 i 

6.2 

4.8 1 

3.7 

2.8 

2.8 


10 

3.0 

8.0 

6.2 

4.8 

3.4 

2.9 

3.5 


3 

0 

.8 

2.9 

4.3 

2.9 

1.1 

l.\ 

Lilac, Kuroiie - 

6 

0 I 

5.8 

4.0 

4.0 

2.5 

1.0 

.r 


10 

3.0 

6.3 

4.0 

3.4 

2.4 

1.4 

1.1 


3 

0 

.1 

1.7 

1.7 

2.1 

1.2 

.8 

A pricot, C'alifornia 

0 

0 

3.9 

3.1 

1.7 

1.6 

.9 

.7 


10 

3.5 

4.0 

3.1 

1.7 

1.7 

1.2 

1.1 


3 

0 

.9 

4.0 

5.3 

8.7 

1.4 

.8 

Avocado, California 

0 

0 

4.6 

5.4 

6.4 

3.1 

2.0 

.9 


10 

3.4 

6.0 

5.4 

5.4 

3.1 

2.2 

i *0 


Reference to Table 1 shows that with the exception of the avocado 
strain the lesions 10 days after inoculation attain a maximum suse at 
13,1“ C. and gradually decrease in sum above this temperature. 
.With the exception of the avocado stnun, the largest spoto at each 
temperature are produced by the two citrus stratus. The sbes of 
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spots due to the two strains from California and the one from Australia 
coincide with each other fairly well. The sizes of the spots due to the 
European lilac and apricot strains decrease very rapidly at the medium 
and mgher temperatures, being small and insignificant at temperatures 
at which the spots from the citrus strains are much larger. The apricot 
strain appears from these tests to be the least adapted for producing 
spots on lemon fruits. The spots due to the avocado strain reach their 
maximum size at a somewhat higher temperature, but they also de- 
crease in size at the higher temperatures more rapidly than the spots 
caused by the citrus strains. 

Experiments to determine the influence of temperature on the rate 
of enlargement of colonies of the different strains of bacteria were also 
carried out as follows: Glucose-potato agar was poured into Petri 
dishes and allowed to solidify. A platinum needle was dipped into a 
suspension of bacteria from a 3-day-old culture in Czapek's medium 
ana the surface of the agar medium touched with the end of this needle. 
Orie inoculation for each strain in each of a set of four Petri dishes 
was made in each of the temperature chambers. Each Petri dish 
therefore contained one inoculation of each of the strains, indicated 
in Table 2, and could be compared side by side. 

Table 2. — Diameter of colonies of five different strains of bacterium grown at seven 

different temperatures 




Diameter of siwts when growth occurred at temiieratureB 


Period 



indicated , 



Strain and source of inoculum 

of 








growth 

ft.8® C. 

i3.r c. 

17.4® (\ 

i 

21.7® ('. |26.5®C. 

29.1® (\ 

31.6® C. 


Day* 

Mm. 


Mm. 

i 

Mm. , Mm 

Afm. 

Mm. 

( ’ itrus, California _ . . 

3 

0 

2..ft«(2) 

3. ft 

7.0(1)' 7 5 

7.3 

4.8 


1 

0 

7.fi(2) 

6.5 

12.0 1 8.0 

8.8 

7.0 

(’Itrus, South Australia. 


0 

2.3 

3.5 

22.0(1), 7.8 

8.8 

5.8 


' 0 i 

1 7. ft(2) 

5.3 

22.0 9,3(3) 

10.3 

8.0 

Lilac, Europe 

3 

0 

2.0 

5.3 

7.5(2)i 12.5 

10.0 

4.0 

ft 1 

.3 

3.0(2) 

0.5 

11.0 ; 18.3 

17 ft 

8 3 

Apricot, C’alifornia 

i 

0 

2.5(2) 

4.0 

6.5(2)j 5.6 

7.8 

7.0 


.5 

4.5 

8.8 

22.0(2) 7.0 

8.8 

9.3 

Avocado, California 

3 

0 i 

3.5(2) 

1 3.0 

1 

3.0 

6.0(1)! 6,7 

9.0 1 8.0 

1 

7.3 

3.5 



.3 1 

1 

6.0 

* 8. 5 

1 

8.3 


• Numbers in parenthesis indicate the number of colonies, when less than 4, available for obtaining the 
average. 


Considerable variation in different Petri dishes in the same chamber 
occurred in some cases, but the results as a whole are of interest. 
The temperatures at which the largest colonies were formed were, as 
h rule, l^her than that at which the largest spots formed on lemon 
’fruits. Tmere seems to be no definite relation between the growth on 
glucose-potato agar and the rate of enlargement of spots on the fruit. 

REISOLATIONS 

These organisms have been frequently reisolated from the artificial 
inoculations and then reinoculated into lemon fruits. These results 
are summarized in Table 3. Dilution plates from a blackened streak 
on an avocado stem inoculated with the Australian citrus blast 
organism showed numerous colonies. The same was true for spots 
produced artificially on avocado leaves by brushing on Uiem the 
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European lilac, citrus, and avocado blast organisms. In some positive 
inoculations on Coprosoma baueri with the citrus-blast organism, the 
causal organism was reisolated from drops of rain water that stood 
on the leaves in the neighborhood of the positive lesion. 

Table 3. — Reisolation of organisms studied 


Result of inocula- 
tions with reiso- 
lated cultures into 
lemon fruits 


Host from which reisolation was made 


Strain and source of the original inoculum 


Avocado stems 

1)0 

1)0 

Avocado fruits,-. . 

Avocado leaf- 

Do 

Avocado stem 

Avocado leaf 

Carissa fruit 

Do. 

Coprosma bauen stem 

Do 

Fraxinus ornus 

I.^nion fruit 

Do 

Do 

Do 

Prunus pumila stem.. 

Do 

Do 

Plum fruit 

Peach fruit 

Apple stem 

Do 

Tomato fruit 

1)0 


Lilac, Cialifornia — 

Avocado 

Orange.., . — 

Lilac, California — 

Avocado 

Orange 

Citrus, Australia 

Lilac, Europe 

Avocado, California- ' 

Lilac, California 

Orange 

Apricot, California. _ 

T.<ilac, California.. — 

. .do - 

Lilac, Europe 

Avocado, California 

Apricot. California 

Lilac, California 

Citrus 

Apricot, California , , 

Lilac, California - 

Avocado, California 

— do 

Lilac. California 

.. . do 

Avocado, ('alifornm.-- .... 


Tests 


Size of 
lesions 
produced 


Number 

10 

10 

6 

0 

0 

8 

10 

l.'S 

K 

8 

10 

10 

tl 

5 

4 

8 

10 

10 

10 

15 

8 

8 

. 0 
8 
7 
10 


Mm, 

3-5 

5~10 

(*) 

5-10 

(“) 

3-8 

2 - 5 
2-10 

3 - 4 
3-4 
2-10 
2-10 
2-5 

2 - 3 
* 2-4 

3 - 6 
2-8 
3-10 
8-10 
3-10 
3-4 
3-4 
3-8 

2 - 4 

3 - 5 
2-10 


« Typical. 

MORPHOLOGY AND OTHER CHARACTERISTICS 

The chara(*>teristic8 as given for Bacterium cUripuieale (15), Bad, 
citrarefaciens (17), Bad. syringae (5, 15), and Bad. cerasi (3, 13) agree 
in most respects, although sometimes the accounts are too meager 
for comparison. Certain differences in the descriptions, however, 
exist and these will be considered here. In the morphology of these 
organisms all accounts describe the organisms as motile oy 1 to 3 
flagella. Bryan (5) notes a small capsule for the lilac organism. 
Lee (/ 7) reports no capsule for the citrus blast organisms, and no 
mention is made regarding the presence of capsule in the description 
of Bad. cerasi. 

The organisms from Citrus, Prunus, lilac, and avo(»,ado were stained 
with Ribbert^s dahlia stain, and all showed a very small capsule 
similar to that of the lilac organism. 

The sizes of the rods as reported in literature are as follows: 
Bacterium dtriputeale (Smith) 2-4 x 0:5-1 m* 

Bacterium dtrarefadens (Lee) (7 7) L2-3 x 0.3-0.9 w (most common size L8 x 0.61 m). 
Bacterium, ^yringae (Van Hall) (l6) l.a~3.2 x 0.2-0.4 m. 

Bacterium syrin^ae (Bryan) iff) 1.2-1. 8 x 0.6 p. 

Be^erium cerasi (Griffin) (t8) l,6-2.3 x 0.5-1.84 u (majority 1.84 x 0*84 At). 
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Lee reports for the citrus blast organism that a definite coagulum 
forms in milk and peptonizes slowly. Fawcett, Home, Camj), and 
Smith observed no coagulum, but a rapid peptonizing or clearing of 
the milk. (Iriffin, as reported by Barss (5, p. 210)y observed an 
alkaline reaction and prompt reduction of litmus milk. Bryan 
describes for the lilac organism a narrow 3 to 5 mm. layer of whey 
at the top of milk culture, but no further evidence of coagulation. 
Peptonization takes place almost at once, proceeding downward in 
zones. All authors agree that each of the three organisms causes 
the milk to become alkaline. 

Further observations have been made on the cultures of these 
three organisms in litmus milk. At first a narrow layer of whey is 
often produced, followed by a rapid clearing and bluing of the litmus, 
thus often forming zones of colors. This is in agreement with the 
observation of Bryan. It sometimes happens that the clearing takes 
place without the layer of whey being visibly produced, or the 
reaction is so obscured that it is uncertain w^hether a coagulum of 
milk has taken place. A solid curd is never separated from the whey. 
Both Lee and Smith report tliat indol is produced for citrus blast. 
Bryan and Van Hall report no indol for the lilac organism*. 

The tests by Lee and by Smith were with the sodium-nitrate 
sulphuric-acid test. This test is now^ regarded as untrustwwthy and 
is replaced by more accurate methods. A test for indol production 
by these different organisms w^as made during the present studies 
using the vanillin method. All cultures showed an absence of indol 
after an incubation of 10 days in Dunham solution. 

STUDY OF SMOOTH AND ROUGH FORMS OF THE CITRUS BLAST 

ORGANISM 

Cidtures of the citrus blast bacterium when grown continuously 
on glucose-potato agar for a year or more may change from the 
characteristic smooth growth to one much more wrinkled. The 
virulence of the rough organism is also lessened, and its ability to 
liquefy gelatin is decreased or is absent. Some observations also 
with a culture isolated from avocado were made. There were several 
tubes of this isolation, some of which showed the smooth typical 
growth, while others showed the wrinkled growth. One tube of the 
wrinkled type w as selected and a tube of Dunham medium inoculated. 
In dilution plates poured from it both the smooth, piled-up colonies, 
and the flatter more WTinkled ones were observed in the same plates. 
Subcultures were grown from each kind separately, and inoculations 
were made from them into lemon fruits. The type producing smooth 
growth gave typical black pit lesions. The type produciiig rough, 
wrinkled grow'th was found to be only slightly pathogenic and 
produced .small lesions 

FERMENTATION OF SUGAR 

No gas was produced. Acid reaction showed in three days with 
2 per cent saccharose, dextrose, galactose, Icvulose, and glycerin in 
Dunham^s and Czapek's . media. No acid reaction showed with 
lactose or maltose. An alkaline reaction in peptone could be detected 
after about six days, with brome cresol pur{>le and phenol red as 
indicators. Lee (J7) did not detect the formation of acid with litmus, 
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the more sensitive indicators not being commonly available then for 
laboratorv use. 

With the cherry gummosis organism Griffin, as recorded by Barss 
(S, SIO), reports no gas production with sugars, but acid production 
witn dextrose, saccharose, lactose, maltose, glycerin, and mannite. 
His observation that lactose and maltose produce acid is not in 
agreement with the reaction of the present writers^ strain of Bacterium 
cerasi from apricot, which reacted like the citrus blast organism and 
produced no acid with lactose and maltose. 

The senior author {23) reported that Bacterium citri'pviealey the cause 
of citrus blast and black pit, was also responsible for a new lilac 
blight in California. Ho stated that 'Hhe results thus far indicate 
that the citrus blast, the avocado blemish and the California lilac 
disease are closelv related and probably caused by the same organism.” 
Stimulated by this report, Bryan (5) made a comparative study of 
strains of Bad. syriugae isolated from lilacs in Illinois and in the 
Netherlands and a freshly isolated strain of Bad. citriputeale received 
from Fawcett in California. Bryan states that — 

parallel cultures proved the latter to be identical with Had. syringac except in 
colony characteristics on agar, and the differences in these were no more striking 
than the differences between the Netherlands and Illinois strains. 

DISCUSSION AND CONCLUSIONS 

The three bacterial organisms: Bacterium fiyringae.y the blight of 
Syringa, Bad. ceraniy the gummosis of Primus, and Bad. citriputeale y 
the blast of citrus, and Persea americana (avocado) have been studied 
in parallel cultures, and a close ^reement in cultural and biochemical 
characters has been observed. These seem to form a group of closely 
related organisms. 

From the comparisonsln the present study it seems probable that 
the lilac blight of California is identical with that of Illinois and of the 
Netherlands, which is caused by Baderium syringaCy recently re- 
described by Bryan {5). 

The organisms from Citrus and avocado, and apricot may be con- 
sidered as having similar general cultural characteristics out show 
some differences m their pathogenicity which surest that they may 
not belong to a common species. 

The pathogenicity of the organisms listed is characterized by their 
forming smau lesions from artificial inoculation on numerous hosts 
as follows: Fruits, leaves, and stems of Persea americana (avocado); 
leaves and stems of Syringae vulgaris y S. persicUy var. lanciniata; 
stems of Coprosoma baueriy Citrus, Populus, and Fraxinus ornus; 
and the fruits of Citrus limonia (lemon) and Prunus armeniaca 
(apricot). The small lesions and local gumming on apricot stems took 

} )lace with all organisms except Baderium cerasi where dark colored 
esions 20 to 30 or more millimeters long were formed on the 
succulent twigs. 

Temperature reactions of these four organisms when inoculated 
into lemon fruits cause lesions that agree weU in size and other charac- 
ters at 17® to 20® C., but at 29® to 31® the citrus blast group is sharply 
differentiated from the others by the larger size of lesion. (Table 1.) 

There is a general agreement in cultural characteristics of these 
three organisms which would suggest that they might belong to a 
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common species. This, however, in itself is not sufficient, because 
bacteria of different species frequently have similar cultural charac- 
teristics and yet are not considered identical. The pathogenicity 
with these organisms is shown in so many different hosts, where 
puncture inoculated, that it loses in a measure its value as a distin- 
guishing character, yet inoculations frequently suggest that the 
organisms are not entirely alike. 

With our present knowledge of this group, the authors would hesi- 
tate to place these three organisms, Baeterivrn syruigaCy Bact. cerasi 
and Bad. ciiriputeale, in a single species. Should this ever be done, 
Bad. syringae from its priority would be the correct scientific name 
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15,v K. AV. Loix'KS 

Aaxiittant Plant Patholof/ist, Florida Agricnltarol Eu'jKnnicntal Station and 
Florida Stair Plant Board 

INTRODUCTION 

Phifttyinoum cifrl (Hasse) Com. S.A.H., tho organism causing cit- 
rus canker, which was is()late<l and dcscrihcd in 1915 hy Hasse 
has been studied by many workers in an effort to discover some prac- 
tical means of controlling tlie disease. How tiie organism is carried 
over from one outl)r(‘ak of tlie disease to the next is not understood. 
The origin of some fresh outbreaks has been explained, but tlie source 
of most of those which have occun*ed in Florida since 1919 has not 
been determined. Tlie causal organism has been found to produce 
neithei- spores nor protective cysts which would enable it to with- 
stand long periods of adverse conditions. In view of these facts 
it seemed necessary to lind under what conditions it can live in a 
more or less a(‘tiv(‘ state of growth. 

In considering the possibilities of hold-over, it may be noted that 
bacteria are toleiant of many varied environmental conditions. 
They may live for a (*onsiile]*able length of time in the air, in water, 
in the soil, on tools, in decayed matter, on host plants, and on ani- 
mals. Experiments with jilant pathogenic bacterni have shown that 
ordinarily th(‘y are not able to liv’e in the intestinal ti‘act of ani- 
mals. C\mse(juently, for the present, this source of hold-over is not 
considered. Because exjieriments have shown that Pht/tonhoum citri 
can not withstand long jieriods of drying, it was considered unlikely 
that the organism could hold over on tools and similar appliances or 
otherwi.se in direct contact with the air. This leaves the soil, water, 
<lecaying vegt*table matter, and the various host plants as imssible 
centers of infection. The first three, rej)resenting noidiving carriers, 
Jiiay be grouped together, and in these experiments have been studied 
umier the (‘ategory of various soil types. As the role of plant hosts 
in carrying ov<‘r the organism will be treated in a later paper, it is 
not consi<iered liere. The j)resent ])aper sets forth the results of 
studies of the effect of various temperatui’es upon the development 
and activities of P. ntn growing in potato broth as shown by ehant^e 
in population. The rate-of -growth curves were calculated, and the 
(‘hange in hydrogen-ion concentration ami starch content of the 
media were determined at frequent intervals during the incubation 
period. One of these experiments was started in October, 1927, and 
rhe other in November, 192S. 

* Uoceivt'd tor puldicatiou .Inn. 2.'l, lUHO: isHiHMl .Vujyust, That part of this 

paptT which ilcttls with 1h(* of P, alri in potato broth at various tciupora* 

tures Is a portion of a thoKiM submitted to the graduate coinmittet* of th«‘ TTnIver«lty of 
Florida in partial fultlllmont of the roquireiiiOiits fur the degree tif master of science, eon* 
ferred in July, 11)211. This work was done under the dinction of the department of 
botany and bacteriology of the University of Florida. 

* Ucference is made l»y number (italic) to •* Literature cited.” i>. 2r>7. 

Journal of Agricultural Iteseareh, Vol. 41, No. t\ 

Washington, 1). C. ^uu. U IbHu 
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REVIEW OF LITERATURE 

During the early part of the citnis-eanker eradication campaign 
it was generally assumed that PhytovKmas cltrl could live in the 
soil for long periods. In 1915 Stevens {Jl) found that the or- 
ganisms lived for a long time in sterile soil, and concluded that field 
soil was a source of danger. Stirling {M) in 1915 reported that in 
every instance where infected trees were destroyed and the ground 
was not immediately burned over, the shoots which grew up from 
tlie old stumps became infected. Wolf {25)^ in 1910, reported that 
the citrus-canker organisms remained active in the soil, as was indi- 
(‘ated by the reinfection of sprouts. Jehle in 1910, found that 

the organisms were able to live in the soil for a long time. He re- 
ported that red (day and glade soil inocmlated witli P, Htii caused 
reinfection after 47 days. In 1920 Doidge (/>) stated that sprouts 
coming from the soil were sometimes infected by baxderia in the soil. 
In 1929 she (Id) reported that she was able to obtain viable (*anker 
organisms from the soil one year after infected trees had been de- 
stroyed and the citrus canker eliminated. In an ex])eriment with 
i-einoculated sterilized and unsterilized soil, she found that P, ritn 
lived for 22 days in eacdi. Judging from these results aiid obsei’va- 
tions, it is certain that the soil should be looked u])on as a possible 
source of hold-over for (dtrus canker. 

On the other hand, statements are to be found which show that 
under certain conditions the citrus-canker organisms die very soon 
in field soil. In some of his later exjjeriments Stevens (2J) found 
that soil samples taken from lieneatli infected trees usually gave 
negative results when inoculated into susceptible hosts. Fulton 
(7/, p. working yvdth many types of soil, reported in 1920 

that tliere was a rapid deiiline of Phytonwnan rltri in all soils tested, 
and said, ‘‘All these considerations suggest that agricultural soils 
probably can not long I’ctain a dangerous possibility of disseminating 
the citrus-canker organism,” Lee (76') found that the organism dis- 
appeared from unsterilized soil but lived and multiplied in stcrih^ 
soil. In 1921 he {17) imported that irvliis clean-up ])r(M*edure in the 
l*hilix)])ine Islands he omitted the spraying of the soil to kill the 
P. rJfr! organism bec^aiise he considered such a ])recaution useless. 
Some of the reported decline of P. (^tri in the soil may be explained 
iji th<* light of Hino\s w^ork {Pi) in 192G. He found that in ex}>eri- . 
ments cari ied on with P. cltn and other plant pathogenes all of these 
organisms Aveie (h^stroyed when protozoa were added to them in 
sufficient numbei’s. 

CULTURAL CHARACTERS 

The strain of Phytornmius citH studied here agiees in all of its 
general cultural characters and bioriiemical reactions wdth those 
descr ibed by Hasse (7^), Jehle (7J), Doidge (^'), and others, except 
as noted for the thermal death point. 

(las was produced from galactose, fructose, mannite, gliuu^se, 
lactose, maltose, sucrose, a8])aragin, and amygdalin. 

The usual bacteriological liquid media Avere tried, such as nutrient 
broth, litmus milk, Russeirs (iouble sugar, Uschinsky s solution, and 
others. Of thes(\ potato broth containing 1 per cent dextrose and 1 
per cent peptone Avas found to giA^e the tet growth. 
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Potato a^ar, prepared by adding? a^?ar to the broth nientioned 
above, was used for the isolations. On this medium the surface 
colonies appeared pale yellow by reflected li^ht and bluish by trans- 
mitted li^it. They were circular in outline, entire, raised, smooth, 
glistenin*?, and viscid. Submerged colonies were elli])tic in shape. 

One part of hydrogen ])eroxide to 2 i)arts of water killed the 
organism in one-half minute. It was unable to live for 1 day in 5 
l)er cent bergamot, lemon, lime, or bitter-orange oils. As shown by 
inoculation tests into grapefruit leaves, the organism was able to 
live for 74 days in heed* broth, 210 days in distilled water, 202 days 
in sterilized tap water. Kin days on sterile ])ine shavings, 290 days 
on potato agar, 120 days in j)otato broth, and 200 days in sterile 
sandy soil. No cultures of the organism have been obtained from 
lierbarium specimens of the disease on grapefruit leaves which had 
l)een stored for ^10 days. 

/Jlie ])H range at which Ph iff onto citri can live in (‘ulture media 
has been found to be 4.5 to 9.5. with an optimum reaction of 0 
to 8.0. 

The thermal death j)oint has been reported by Peltier {19) as being 
49^ to 52'" ( \ and by Wolf (Jo) as (>5'^. In the ])resent exi)eriments in 
Avhich tests were run with 45 and 4 day old cidtures, groAving in 
potato broth, the thermal death point in each instance was fouml to 
be 48'"“' for five minutes. The tests were made in thin-walled sealed 
am])ules at temperature intervals of 2^^ from to 00^ (\ The dif- 
ference in results obtained by the Avriler and thos(\reported by other 
AA’orkers may be due to tlie difl'erence in the method of testing or 
to the nutrient medium used, Avhich, according to Williams {J4)^ 
working Avith Pacilhot HtihtiHH^ causetl a change in the resistan(*e of 
the organism to heat. 

EFFECT OF TEMPERATURE ON RATE OF GROWTH OF PHYTOMONAS 
CITRI IN POTATO BROTH 

According to Hergev (.v), the optimum tem])erature for the groAAdh 
of Phtfioitt ottos citri is 25‘^ C. Peltier and Neal {20) reported the 
oA^rwintering of the c*itrus-canker organism where the temperature 
had fallen as low as -9''. Peltier {ID) found that the minimum 
temperature for growdh was 5°, the optimum from 20"" to H()°, and 
the maximum from to Doidge {9) stated, It grows well 

at 80'’ C., rather sIoavIv at 25'’ C., and verv slow progress is made 
at 20'’ C.’\ ■ ‘ 

Concerning the temperature at which infection Avill take place. 
Peltier {19) found that 20° C. was the minimum, 20° to 80° the 
optimum, and 85° the maximum. Base<l on experiments conducted 
at the Alabama experiment station, the United States Department 
of Agriculture {!) reported that citrus trees in any region having 
a mean temperature for the year of 20° or less will not become 
severely infected with citrus (‘anker; however, iti regions averaging 
27° or higher one should expect severe attacks from infec^tion. No 
maximum temt)erature was given at which infection Avould occur. 
For the most part, these findings were confirmed by tests made at 
the Florida Agricultural Experiment Station with grapefruit seed- 
lings which Avere grown on nutrient agar in sterile test tubes and held 
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at various temperatures. The optimum temperature range appeared 
to bo from 25 to 30°, as lesions developed in from 4 to 6 days 
at these tem])eratures. Plants which were held at J5° following 
inoculation had lesions on them at the end of 64 days. Other plants, 
held at 15° for 30 days without developing lesions, when transferred 
to a temperature of 25° developed lesions in 4 days. No information 
regarding infection at 35° was possible, bec*ause the plants inoculated 
and held at this temperature continuously for 5 days were killed 
by the high temperatures. 

The apparatus used to control the temperature chambers for 
incubation was very similar to the one described by Camp and 

Walker (/>), which was a modifica- 
tion of the soil-tank ap])aratus used 
by Livingston and Fawcett (IS), 
Test cultures instead of soil were 
})laeed inside the ])ots, following 
which the pots were stop])ered 
with large corks. 

The tyjH* of flask used foi* grow- 
ing the cultures was suggested by 
A. F. Camp of this station. (Fig. 
1.) A bent glass tube which 
reached to the bottom of the flask 
opened into the test tube, which 
was suspended from the 2-bole 
stopper. Except for lading loosely 
plugged with cotton, the li glass 
tubing was open to the air. By 
a])plying suction to this open end 
the ii(iuid could be drawn from the 
flask into the test tube. This per- 
mitted the removal of samples of 
the culture without danger of con- 
tamination. By flaming the rubber 
stoj)j>er and empty sterile test 
tubes, an exchange of tubes, empty 
for full, could easily and quickly 
be acconqilished. These test flasks avci'c jirejiared with (he desired 
amount of liquid medium and the whole apparatus was sterilized at 
15 pounds pressure for 15 minutes. 

The medium used was potato broth, which wuis made according to 
the following formula: Extract from 3(K) gm. of potatoes cooked in 
a double boiler; dextrose, 10 gm. ; peptone, 10 gm. ; and distilled 
water to make 1,000 c. c. 

The culture of Phy^oiiioitas eitrt used in the first experiment was 
isolated from grapefruit leaves, and that used in the second experi- 
ment was a transfer of the same culture, whose vigor had been 
maintained by frequent transfers. All of the stock cultures in these 
experiments were incubated at a temperature of 28° C. They were 
plated out at regular intervals, and frequent inoculations were made 
into grapefruit plants to prove their identity. 

In the first experiment the temperatures in the incubation compart- 
ments were 11°, 16°, 20°, 24°, and 28° C. In the second experiment 
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six compartments were used and temperatures employed were 
lV/ 2 % 2i\ 25% 291/^,% and 

Observations during the first experiment w^ere made every 24 
liours with the exception of a few’ days on which no data were taken. 
C'Urves showdn^ the rate of ^rowdh in this experiment arc presented 
in Figure 2. It is evident from these curves that the rate of multi- 
plication during the first few’ days was very rapid. In order to 
determine more definitely what occurred during those first days, the 
observations in the second experiment were made every 12 hours for 
the first 1C days and every 24 or 48 hours thereafter. 

When the test (cultures were seeded an attempt was made to 
inoculate each flask with the same number of bacteria per cubic 
<*ent imeter of medium. The stock cultures for each experiment were 
grow n in a portion of the same lot of potato broth that w^as used for 
tlie tests in that experiment. When the first experiment w^as started 
tlie numlier of bacteria jier cubic centimeter of the stuck culture wras 
determined by direct microsco])ic count, and enough of the stock 
culture was used to give the test cultures a])])roximately B,00() bacteria 
per cubic <*enf imeter. In the second ex])erirnent enough inoculum 
was used to give each test culture approximately 30 bacteria per 
cubic (*(*ntim<‘ter. During the first experiment one culture was grown 
at each of th(* temperatures employed, but in the second the flasks 
were run in duplicate. 

Whenever a sample was desired from a test culture the oj)eration 
was j>erformed as rajiidly as possible so as not to change tin* tem- 
])erature of the culture more than was necessary. If a stained slide 
showed no contamination, the sample was used to determine its 
population, its relative starch content, and its pH value. 

The dilution and i)lating-out method of counting bacteria Avas 
found to be very unsatisfadory; conse<juently, in these experiments 
the poj)ulations were counted by the direct microscopic* method, as 
described by Breed and Brew’ (j). It was necessary to modify the 
proc*c*dure whcui the jmpidation bc^came too dense to count without 
diluting. Sinc*e Phj/tomonm citri is a slime produc*er, distilled water 
w as not a good diluting nuMlium. After many reagents had been tried, 
a soluticm of 10 per c‘ent ac*etic acid was found to give the best results. 
To overcome the tendency of acetic acid to form dro])lets, the slides 
Avere placed in a strong solution of potassium hydroxide, blcjtted 
but not wiped or flamed, and then ruled, after which the desired 
dilution was spread and the* film dried. This gave a veu’y good 
distribution of bacteria and did not interfere Avith the staining 
process. 

An ocular micrometer disk with ruled squares on it Avas used for 
measuring the fields of bacteria to be counted. The logarithmic 
A’alues of the average of 50 fields w’ere recorded as the populations of 
the samples. 

The upper set of graphs in Figure 2 shoAvs the results of plotting 
time against the logarithmic values of population and gives the 
rate-of-growth curves for the first experiment. An examination 
of these curves shows that the one having the greatest slope, or 
where growth was fastest, is for 28° C. In other words, the highest 
temperature permitted tlie most rapid increase in numbers. At this 
temperature, howe\’er, the bacteria Avere dead at the end of 40 days. 
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Tests made with this culturo showed that death was due to au 
insufficient supply of food and not to any bacteriophage or other 
lytic principle. 

The bacteria held at the other temperatures were still aliA^e on 
the fifty-seventh day. The (‘ulture whi(‘h was held at 11^ C. became 
(onlaminated after forty-nine days and was diseaided. This con- 
tamination was (hie to the fact that the cotton plug of this culture 
flask became moistened with the water of condensation which 
accnmiilate(] at this temperature. In the secumd experiment, a dish 
(•f calcium chloride was phuted in the low-temperature incubators to 
absorb this moisture and to keep the cotton ])lugs dry. 

From this experiment it was evident that Fhiffomonm H.fn passed 
tlirough the various growth phase mentioned by Buchanan 
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i-nJCUK 2. — Activities of Phytomonm oitri in potato broth exposed at various tem- 
IKM'jitures. The upp<‘r set of graphs represents the r:ile of growth of hacterla 
at the temperatures indicated, the middle set the change in starch content, find 
file lower set the change in pU values In the same cultures. (Exiieriment 1.) 

but an examination of these curves during the so-(;alled logarithmic 
j^hase does n(;t reveal much. Consequently, the test w^as repeated, 
as mentioned above, Avith observations at more freijuent intervals. 
The logarithmic valiuis of the average of these populations as 
obtained from tlie duplicate flasks in the second experiment Avere 
recorded, and the results are graphically shown in the upper part 
of Figure 3. 

An examination of these graj)hs shows that the logarithmic phase of 
the rate of growth at 29^° ami 34%° (;. ocjcurred between the begin- 
ning and one and one-half days. The slope of these curves is very 
nearly the same. For the 21° and 25° temperatures the logarithmic 
phases o(*curred between the origin and the third day, with the slope of 
the 25° curve slightly greater than that of the 21°. If the portion 
of the 17%° curve between the first and the third days is considered 





Aug. 1, 1«>0 


Studies oj Phytomonas citri 253 

as thft lopirithniic phase, tlien its slo])e is about the sanu' as that 
of the 21®. The (‘urve for the culture shows a la^ period of 

approxiuiately four days. Th(‘ .'-lope of its curve between the fourth 
and the nintli days, or what may be called its lopirithmic* phase, 
is not so ^reat as that of the others. If we aci*ej)t Buchanan’s 
(5) assertion that the logarithmic phase in tlie rate of growth 
curves is the most important, then the curve.s' representing the 
i‘ate of growth at 201 / 2 ° and indicate that thes<» temperatures 



D4J5 after inocu Idtion 

Fifit’iiK li — (ilrapb.s represent in g logarithmic values of population averages niul 
sho\%ing the activities of Phjftomonnn vttri in potato broth exposea at various 
teiiijicratures. 'J'lu* upper set of graph.s represents the rale of growth of tin* 
ba<*teria at the teiiiperntures indicated, the middli* set th(‘ change in starch con- 
tent, and the lower Md tin* cliaiige in pll values in tlie same cultures. (Kxperi- 
iinuit 2. > 

caused a])proximately the same rate of multiplication and were 
optimum for the growth of Phiffomoims cfftt, 

EFFECT OF TEMPERATURE ON DIGESTION OF STARCH 

In order to determine the rate of digestion of the starch in the 
j)otato-broth cultures used in the above experiments tests were made 
of the samples at stated intervals with iodide solution which, attcord- 
ing to Mellor {IHa^ v, J, M9), was recommended by Stromeyer. 
When the broths were inoculated, 1 drop t)f the iodide indicator 
added to b c. c. of the broth gave a dark>blue color. 

The recinroc*als of the number of drops necessary to be added to 
6 c. c. of the cultures to give the blue color were re(‘orded and are 
shown grapliioally in Figures 2 and 8 for the first and second exj)eri- 
inents, respectively. In the- first experiment the higher the tempera- 
ture the more rapid was the hydrolysis of the starch. In the 
second experiment the rate of hydroly.sis of starcli inewased wdth 
the rise or temperatures up to 25® C-, but decreased at temperature.s 
of 29y2° and 841 / 2 ®. 


254 


Jmrnal of Agricultural Research 


Vol. 41, No. a 


EFFECT OF TEMPERATURE ON HYDROGEN-ION CONCENTRATION 

OF THE CULTURES 

In the first experiment the hvdrogen-ion conceiitnition ^\’as de- 
terminated by the colorimetric method. McAlvaineV butfer solutions 
as given by Clark (7) were used as checks for comparisons of colors 
from the indicators. The results w^ere checked elect rometrically. 
The })H values of cultures in the second experiment were determined 
by the (piinhydrone method as develoj)ed by lliilmann and his asso- 
ciate (.J?). Tlie results obtained on the days indicated in the figures 
are represented graphic^ally in the bottom (Uirves of Figures 2 and 
for experiments 1 and 2, respectively. 

The i-esiilts obtained from these different tests fail to show any 
correlation betAveen temperature and change in hydrogen-ion con- 
centration. 

LONGEVITY OF PHYTOMONAS CITRI IN STERILE AND UNSTERILE 
SOILS AND SOIL CONCOCTIONS 

Because of the apparent discre))ancies in the re])orted findings 
with regard to the longevity of PhytonuntaH rifri in soil, the ex])eri- 
ments described below were undertaken. The puri)ose of these 
experiments was to determine how long /^ r/frl would live in sterile 
and unsterile soils and soil cojicoctions. Seven tests of this nature 
were made. 

In the first test, run in series of 10, saw-grass nnu’k from the 
vicinity of Hollywood, Fla., was used as sterile and unsterile soil and 
soil concoctions, 'Fhe second test was similar to the first except that 
it was run in triplicate. The third was like the second except that 
soil preparations only Ave^e used. The fourth and fifth were like the 
third excej)t that (*ustard-apple muck from near Belle (Bade, Fla., 
was substituted for saw-grass muck. The sixth Avas like the first 
except that sandy soil from (xainesville, Fla., Avas used. The scAHUith 
Avas run in duplicate with unsterile sand}^ soil of different moisture 
contents as indicated in Table 1. 

Ta«t.e 1 . — LonffciHty of Phytomowt^H rttri hi samly t^oil of different mo'iMuro 

amtvntH 
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• 4- j^ignifles that the bacteria were still filive; — signifies that the bacteria were dead. 
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The soil concoctions were prepared by adding 2,500 gin. of the 
soil to 10 liters of sterile distilled water: The soil was prepared 
with 250 gm. to a sterile flask. In each series lialf of the prepara- 
tions were sterilized and treated asejitically to guard against con- 
tamination before and after inoculation witli Phytomonas citri. 

The flasks wen» inoculated in each series in such a manner that 
approximately 27,000,000 bacteria were used per gram of dry soil. 
After the flasks were inoculated they were thoroughly shaken and 
jilaced side by side on a shelf on the shady side of tlie laboratory 
and incubated at room temperature, which ranged from 18® to 32® 0. 

Samples were removed from the test flask under aseptic conditions 
and t€'sted for viability of Phytomonas citri by inoculating grajje- 
fruit trees. A record was kept of the trees which developed lesions, 
and the results are presented in Table 2. It is evident from these 
<lata that Phytomonas citri lived and perhaps multiplied in sterile 
sandy and muck soils, and in sterile sandy and muck soil concoctions 
for 150 days. In unsterile sandy soil and soil concoctions 3 days 
was as long as Phytomonas citri lived in any of the flasks except 
that containing 20 p(*r (Ciit soil jnoisture. In fact, in the majority of 
the sandy-soil flasks the organism did not live for 24 hours. 
Unsterile muck soil an<l soil concoctions did not kill the organism 
so readily. In some of these the bacteria w ere able to live for 13 days, 
although the majority were dead in 5 days or less. 

A close examination of the records showed that there was a cerlain 
amount of variation in the length of time that Phytomonas citri lived 
in the various flasks in corresponding series of the different tests. 
This variation was not great, but it w’as throught desirable to deter- 
mine wdiether or not it was due to the difference in the moisture con- 
tent of the soils as they came from the field. Samples of sandy soil 
were so j)repaied by adding sterile distilled water to them that when 
30 c. c. of a virulent potato-broth culture of P, citri wuis added a series 
was obtained vvitli a moisture content as follows: 7.4, 10, 15, 20, and 
25 per cent. The soil used was found to have a saturation point of 
22 per cent. Sam])les from each flask were used to inoculate grape- 
fruit leaves at stated intervals, and a record, as shown in Table I, w^as 
kept of the trees that showed lesions. 

From these results it is evident that there was no great difference 
in tlie length of time that Phytomonas citri lived in soils of difl'erent 
moisture content, and there appears, therefore, to be no correlation 
between soil moisture and longevity of the organism in the soil. 

As a further test, grapefruit seeds wx^re sown in pots filled with 
sandy soil and held at various constant temperatures. These tempera- 
tures covered a range f i-om 1 1 ® to 38° C, J ust before the seeds germi- 
nated the soil w^as inoculated with virulent cultures of P hytcrmonas 
citri,. In no case, out of more that 000 seedlings so treated, did any 
sign of citrus canker appear. To check the possibility that the grape- 
fruit seedlings might be immune to citrus canker as they germinated, 
one box of grapefruit seedlings was atomized with a broth culture of 
P, iitri just as they were showing through the soil. Of more than 
100 seedlings so inoculated*, over 70 per cent show^ed citrus canker. 
Therefore it is evident that w^hen the soil was inoculated with P. citri 
the organism died out very quickly in unsterilized soil. 



Table 2. — Longevity of Phytomonas citri in various Florida soils 
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SUMMARY 

The rate of increase in poj)ulati()n of Phytomonaa cltrl | 2 :rown in 
potato broth was greater at hi/iJ:h than at low temperatures. For 
early ^jjrowth 2914^ to C. was optimum. However, at the end 

of 10 to 14 days the population at all temperatures for a f^iven ex- 
periment was api)roximately the .same. At 28° 74 ritri was dead after 
40 days, although cultures at 11°, KP, 20°, and 24° remained viable 
foi* 57 days. 

The rate of starch transformation in the.se cultuies increased with 
the rise of temperatures up to 28° C\, but above this temperature the 
rate of tran.sforination <lecreased. 

There appeared to be no correlation between chanj^e in pH values 
of these cultures and the tem]>eratures at which they were ^rown. 

P, rifri died out after IJl days in unsterilized P'iorida muck soils, 
and after 0 days in un.slerilized sandy .soils, at room temperature. 

P, rifri lived for at least 150 days in inoculated sterilized prepar- 
ations of both muck and sandy soil at room temperature. 

I'liere appeared to be no (‘orrelation between the longevity of 
rifri in sandy soil and the ])ercenta^e of inoi.sture in the soil. 
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BACTERIAL STRIPE DISEASES OF SUGARCANE IN 

LOUISIANA ‘ 


By W. N. Chhistophek, Aatiisiant Pi'ojt'ssor of Bacienology^ and (\ W. Kdgekton, 
Professor of Botany ami Bacteriology and Plant Pathologist ^ Louisiana Agri- 
cultural Experiment Station 


INTRODUCTION 

In the spring of 1927 leaf-stripe diseases, with symptoms similar 
to those of certain tropical bacterial diseases, occurred commonly 
on sugarcane throughout the entire sugar belt of Ijouisiana ( 2 ).'^ As 
no ba(‘terial diseases of cane had been known to occur in Louisiana, 
investigations to determine the identity and importance of these 
troul)les were started. As a result of these investigations, three dis- 
tinct leaf-stripe diseases have been recognized in Louisiana. These are 
known as (1) the red stripe and top rot, (2) the mottled stripe, and 
(3) the white stripe. The first two are known to be caused by bac- 
teria. The third one, the white stripe, is of considerable interest, as 
the stripe symptoms resemble very closely those of the' leaf-scald 
disease of Java ( 8 ) and Australia (6*). However, the disease seems 
to have but little economic importance in Louisiana, and as yet no 
organism has been isolated from the stripes. For these reasons it is 
not discussed in the present paper. 

THE RED STRIPE AND TOP ROT DISEASE 

Of the leaf-stripe diseases occurring in Louisiana, the one known as 
red stripe and top rot is the most important. This disease occurs on 
the leaves and leaf sheaths, producing red to maroon stripes (fig. 1, A), 
and in the stems producing a definite rot which ordinarily begins at 
the top of the plant. 

On the leaves the first symptom of the disease is the appearance 
of water-soaked stripes which, especially on the margins, gradually 
become tinted wdth maroon. These stripes under favorable conditions 
develop rapidly, and by the end of four to five days reach a length of 
15 to 40 cm. and a width of 1 to 4 mm. By that time they have taken 
on a distinct dark red or maroon color. Usually each stripe is bor- 
dered by a yellowish or chlorotic zone of about the same width as the 
stripe. The stripes are not confined to the leaves, but extend down 
on the sheath, where they iisually become wider, sometimes reaching 
a width of 1 to 2 cm. Often in later stages many of the stripes coalesce, 
forming bands with alternate maroon stripes and chlorotic areas. 

Tn the stem the first symptom of the disease is a slight reddening 
of the fibrovascular bundles in the growing point. Later the red color 
gradually extends down the stem, forming a red ring in cross section 
about one-quarter to one-half the distance from the rind to the center. 
The central portion of the stem rapidly takes on a water-soaked 
appearance, wliile the portion outside of the red ring changes very 
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slowly. As the disease progresses this condition gradually extends to 
the extreme base of the stem. Finally deterioration oi the water- 
soaked area occurs and the tissues break apart, leaving a hollow central 
cylinder. By this time, the leaves at the top of the plant are dead 



Ficiurk 1.— Bacterial stripe diseases on sugarcane leaves: A, Red strliie caused by 
Phvfomoms ruhrilintans. B, mottled stripe caused by P. rubrisvhalhicans 


and the upper part of the stem is badly rotted. The killing of the 
terminal bud also results in a sprouting and growth of the lateral 
buds. like the main stem, these lateral shoots usually show a red- 
dling of the central zone. 
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The red-stripe disease has been found widely distributed over the 
sugar belt of Louisiana on the following POJ ^ varieties: 2727, 2714, 
826, 2725, 213, 234, 36, 36-M, 979, and 228. The most serious natural 
infection observed occurred at Youngsville in August, 1928, one 
plantation showing a 10 per cent infection of top rot on POJ--2727 and 
5 m».r cent on POJ-2714. 

The organism causing red stripe was first isolated from leaves of 
POJ-213 cane collected at Youngsville on August 25, 1927, Since 
then many cultures have been obtained from both leaves and stems. 

INOCULATION EXPERIMENTS 

Inoculation experiments with pure cultures of the organism iso- 
lated from both leaves and stems have been consistently successful. 
Most of the inoculations have been made by introducing the inoculum 
into the growing point with a syringe. In practically all cases deep 
red lo maroon stripes have appeared on the leaves and a large per- 
centage of the stalks have developed top rot. 

An inoculation test carried on in the summer of 1929 is an example 
of a series of such tests made with various varieties. In this test a 
susceptible variety, P()J-2725, was inoculated with five different 
cultures. Fifty plants were inoculated with each culture, and 50 
plants were used for controls. After 12 days every plant of the 250 
inoculated had red stripes, and 131 were developing tiop rot. On the 
controls no top rot or stripe symptoms developed around the needle 
puncturevS. 

Inoculation experiments on different varieties have shown that 
POJ-2727, rOJ-2725, and POJ-826 are very susceptible to the 
disease, while D~74 and the POJ varieties 36, 36-M, 234, and 213 
are moderately susceptible. It is doubtful whether the disease would 
ever become serious in the latter varieties, but it could become quite 
serious in the former ones. 

RELATION TO TROPICAL DISEASES 

The red stripe and top rot disease as it occurs in Louisiana bears a 
close resemblance to diseases described from several tropical countries. 
Wakker and Went (7) described a top rot from Java and included a 
colored illustration which presents exactly the same sjnnptoms as 
have been observed in Louisiana material. The evidence is very 
strong that the troubles are identical. 

In Australia Gottrell-Donner (I) and Wood {9) described a top rot 
and associated it with red stripes on the leaves. The disease was also 
produced bv inoculating plants with mixed bacterial cultures. Ac- 
cording to these authors, the Australian disease is confined to the upper 
joints of a stalk and does not spread through the stalk to the roots 
as is the case with the Ijouisiana disease. However, as the other 
symptoms are very similar, there is a strong likelihood that the dis- 
eases are identical. 

In Hawaii I^e and his associates '(J? 5) have described a red-stripe 
disease of Tip varieties and have named the bacterial pathogene 
Phytomonas rubrilineans. ^t is stated that the disease also attacks 
the stalks occasionally, but this point is not sti’essed. The stripes as 
described and illustrated are very similar to those produced by the 
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red-stripe disease in Louisiana. The cultural characters of the two 
organisms are also very similar. A few slight differences have been 
observed, but it is very doubtful whether these differences are im- 
portant. As the varieties of cane used in the Hawaiian investiga- 
tions are entirely different from those grown in Louisiana, it has not 
been possible to compare the susceptibility of different varieties to 
the two organisms. 

While the evidence is not absolutely conclusive that the Louisiana 
disease is identical with any of the tropical diseases, for the present, 
at least, the name given to the Hawaiian pathogene, Phytomoiuia 
rubrilineans, will also be used for the Louisiana organism. Eventually 
investigators in the Tropics will be able to test out such susceptible 
varieties as POJ~'2727 and will be able to determine definitely whether 
the tropical and the Louisiana leaf stripe and top rot troubles are 
identical. 

THE MOTTLED-STRIPE DISEASE 

The second bacterial disease of cane which has been observed in 
Louisiana is of less economic importance than the red stripe. To 
this disease the name mottled stripe has becm applied. 

The mottled-stripe disease as it occurs in Louisiana is primarily a 
disease of the leaf blade. The stripes (fi^. 1, B) which are character- 
istic of the disease are predominantly red in color, though frequently 
white areas or white margins occur. This diflerence in color often 
gives the appearance of rea on a white background and has suggested 
the specific name rubrimbalbicans for the causal organism. The 
stripes run parallel to the leaf veins and range in length from very 
short up to a meter or more, while the width is usually from 1 to 4 mm. 
One to many stripes may occur on the same leaf. When many stripes 
occur they sometimes coalesce, forming mottled red and white bands. 
A microscopic exaimnation of the diseased tissue shows the presence 
of motile bacteria in great numbers, though bacterial e.xudation on 
the surface of the leaves has not been observed. 

Of the canes commonly planted in Louisiana, the disease occurs 
most commonly on D-74. Natural infection on the varieties POJ- 
213, 36, and 234 is not common. 

The organism causing the mottled-stripe disease was first isolated 
from leaves of 0-74 collected at Baton Rouge, La., on June 28, 1927. 
Small sections of stripe tissue vrere sterilized in 1-1,000 mercuric 
chloride solution for 30 seconds, washed three times in sterile water, 
and then macerated in a small amount of Bacto-dextrose broth. 
Dilution cultures were then made with Bacto-dextrose agar and pure^ 
culture isolations obtained. Since then the organism has been 
isolated many times. 

^LEAF-INOCULATlON TESTS 

Numerous inoculations have been made to test the pathogenicity 
of the organism, to trace the development of the leaf stripe, and to 
determine the susceptibility of different cane varieties. Usually the 
inoculations were made by covering the upper surface of the leaf with 
a suspension of the bacteria in dextrose broth and then scratching 
the inoculum into the leaf with a sharp sterile needle. Some inocula- 
tions were also made by introducing a quantity of the bacterial sus- 
pension into the terminal growing region with a syringe. 
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The first inoculations were made on July 8, 1927. With the cul- 
ture isolated on June 28 inoculations were made on the basal portion 
of leaves of D“74 cane. Ten leaves were inoculated and 10 controls 
were scratched with sterile dextrose broth. At the end of 5 days the 
inoculated leaves showed stripes 3 to 8 inches long, and at the end of 
27 days from 14 to 38 inches. None of the controls developed 
stripes. 

Many similar tests with different cultures made during the sum- 
mers of 1 928 and 1929 gave practically the same results. The original 
culture isolated in 1927 remained virulent throughout this period. 

While inoculations carried on in the summer w^ere invariably suc- 
cessful, those made in the fall, when the plants had practically ceased 
growth and the weather w^as cooler, wwe not satisfactory. 

VARIETAL SUSCEPTIBILITY 

The susceptibility of difT(*rent varieties of cane to the mottled- 
stripe disease was ilctermined by inoculation tests. In the first test, 
started on August 2, 1927, nine of the most important varieties were 
used. One hundred leaves of each were inoculated and ’50 held as 
controls. In this test the disease developed most rapidly on 0-74, 
but Louisiana Striped, SC- 12/4, and Louisiana Purple were also quite 
susceptible. On the POJ varieties 36, 213, 228, 234, and 979, prac- 
tically no stripes more than 4 inches long developed, which indicated 
that these varieties w^ro resistant. The controls remained free of 
stripes. 

In another test started on August 14, 1928, 54 varieties and seedlings 
were used. Ten plants of each were inoculated by introducing the 
inoculum into the terminal growing region with a syringe. The 
varieties that had been used the previous year showed the same rela- 
tive resistance as in the first test. Other varieties found to be sus- 
ceptible were L)-95, Crystallina, POJ varieties 2364, 2222, 2714, 100, 
and U. S, seedlings 434, 1419, 726, and 672. The varieties found to 
be resistant included L-511, Cayana 10, Badilla, Co-281, Uba, 
Kavangire, POJ varieties 1228, 2379, 139, 36-M, U. S. seedlings 559, 
593, 666, 547, 689, 541, 676, 766, 665, 1532, 600, 590, 576, 1444, 1389, 
510, and CP seedlings 130, 177, and 807. 

STEM INOCULATIONS 

In order to determine w’^hether the mottled-stripe organism can 
attack parts of the plant other than the leaf, stem inoculations w ore 
made on 50 plants of D-74, and POJ-234 on August 4, 1927. A 
portion of an internode was covered with a 24-hour culture, and this 
inoculum was forced into the stem by puncturing with a sharp needle. 
For controls, portions of the stems of 40 plants of each variety were 
covered with sterile dextrose broth and punctured. On September 
23, there was no noticeable difference between the inoculated plants 
and the controls. Aside from a slight reddening of a few fibrovascular 
bimdles, no pathological symptoms were observed. 

INOCULATIONS ON SEED CANE 

A test started on August 9, 1929, was made to determine whether 
young cane plants can become infected readily from diseased seed 
cane. Thirty healthj single-eye seed pieces of the varieties D-74 and 
POJ-213 were sterilized for 10 minutes in a 1-1,000 mercuric chloride 
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solution. These were then washed twice in sterile tap water and 
immersed for 15 minutes in a 48-hour dextrose broth culture of the 
mottled-stripe organism. They were than planted separately in 
6-inch pots which had been sterilized at 15 pounds pressure for 2)^ 
hours. Thirty controls, not inoculated, were also planted. The pots 
were kept in the greenhouse and watered with sterile tap water. 

Half of the plants were examined on September 7 and the remainder 
on November 11. On the latter date, the plants averaged 22 to 24 
inches in height. The examination showed no difl’erences between 
the plants from the inoculated and the control seed pieces. No 
mottled-stripe symptoms were observed on any of the plants. 

As similar results were also obtained from field plantings made 
in the fall of 1P27, it woidd seem that cane plants do not readily con- 
tract the disease from infected seed cane. 

INOCULATIONS ON OTHER HOSTS 

To determine whether the mottled-stripe organism is pathogenic 
to plants other than cane, 50 plants each of Johnson grass (Holms 
hdlspensis), sorghum, corn, and cane were inoculated on August 4, 
1928. After 18 days no mottled-stripe symptoms had developed on 
the coni plants. Of the sorghum inoculations all of the controls were 
negative, while 35 of the inoculated plants showed stripes ranging 
from one-half to 2 inches in length. The other 15 plants had been 
accidentally destroyed. Of the John.son-grass inoculations the con- 
trols were negative, while 48 of the inoculated plants showed stripes 
one-fourth to one-half inch in length. The other two plants died 
from other causes. The sugarcane plants used as controls were nega- 
tive, while the inoculated ones had stripes one-half to 4 inches in 
length. The test showed that the organism was parasitic to some 
extent on both Johnson grass and sorghum. 

CUI.,TURAL CHARACTERS 

The mottled-stripe organism grows readily on most of the standard 
culture media. 

On Bacto-dextrose agar plates (pH 7.0) at 30° C, the organism 
grows readily, the colonies reaching a diameter of 2 mm. in four days. 
By reflected light the colonies are circular, convex, entire, glistening, 
finely granular, viscid, milky-gray; by transmitted light, the margins 
are translucent and the centers are opaque and slightly buff tinted. 
In the medium surrounding the colonies, calcium oxalate crystals 
are abundant. Subsurface colonies after four days are small, lenticu- 
lar, and opaque. 

On Bacto-dextrose agar slants (pH 7.6) the growth after 24 hours 
is abundant, filiform, spreading at base, smooth, convex, glistening, 
gray-white, translucent to opaque, and slightly viscid. After seven 
days, growth is much more extensive and opaque. After the growth 
is loosened from the surface and agjtated in distilled water, viscid 
strands remain suspended in the liquid for several minutes. 

On Bacto-nutrient agar slants (pH 7.1) growth is at first scanty, 
filiform, glistening, smooth, translucent, gray-white, convex, ana 
somewhat viscid. The growth is less abundant on this medium than 
on Bacto-dextrose agar. 



Aug. 1 , 1930 


Bacterial Stripe Disease oj Sugarcane 


265 


On potato slants, after 24 hours, the growth is scanty, glistening, 
and light buff in color, and growth increases but slightly after further 
incubation. 

On Bacto peptonized milk agar, after 24 hours, the growth is abun- 
dant, filiform, glistening, gray-white, raised, translucent, wet, and 
sticky. After 10 days the consistency is butyrous and the surface has 
a distinct iridescence, becoming more pronounced up to 24 days. 

On Bacto-dextrose broth (pH G.8), after 24 hours, a light lacy 
pellicle, which is easily precipitated, forms at the surface, and a heavy 
precipitate accumulates in the bottom of the tube. As the culture 
ages, new pellicles are formed and precipitated, increasing the amount 
of sediment. The latter becomes extremely viscid, and when agitated 
spirals upward in a ropy strand which slowly settles in a coil to the 
bottom of the tube when the agitation is stopped. 

On Bacto-neutral red broth, clouding is moderate and the medium 
becomes eosin in color. The other characters are similar to those on 
Bacto-dextrose broth, though the sediment which develops is some- 
what more viscid. 

COMPARISON WITH RELATED BACTERIAL DISEASES 

The mottled-stripe disease differs widely from the red-stripe 
disease as it occurs in Louisiana and as it has been described from 
Hawaii. The points of difference include the symptoms on the host, 
the susceptibility of various varieties, and the cultural characteristics 
of the causal organisms. 

On th(*. sugarcane plant, stripes of the mottled-stripe disease are 
red to mottled red and white, w^hile those of the red-stripe disease 
are of a solid maroon color. The mottled-stripe disease does not 
attack the leaf sheaths or the stem, while the red stripe attacks both, 
causing a serious rot of the latter. Such varieties as POJ-36, 218, and 
234 are very resistant to the mottled stripe but are susceptible to 
the red stripe. 

The organisms causing the two diseases differ wdely in certain 
important characteristics. The mottled-stripe organism produces 
capsules on dextrose media, does not liquefy gelatin, produces indol 
in 14 days, produces hydrogen sulphide in 3 days, exerts a rapid 
diastasic action on starch, and invariably produces an alkaline 
reaction in sucrose, dextrose, and lactose broth. On the other hand, 
the red-stripe organism, Fhytomonas rvbrilineansj does not produce 
capsules, liquefies gelatin, does not produce indol, produces hydrogen 
sulphide (does not according to Lee), exerts a slow diastasic action 
on starch (does not hydrolyze starch, according to Lee), and produces 
acid from dextrose (according to Lee). 

The mottled-stripe organism has also been compared with the one 
which commonly causes a striping of Johnson-grass leaves in Louisiana 
The latter organism is probably identical with the sorghum leaf- 
stripe organism, Baatenum aridropagoni (S). The cultural characters 
of the two organisms are quite different, and the stripes on Johnson- 
grass leaves following inoculation with pure cultures are also different. 
The Johnson-grass organism invariably produces a broad stripe or 
blotch, as compared with the narrow' stripe of the cane organism. 

2 .) 
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TECHNICAL DESCRIPTION 

As the organism causing the mottled-stripe disease of sugaicane 
in Louisiana seems to be distinct from other named bacteria, it is 
here described as a new species. 

Phytomonas rubrisubalbicans sp. nov. 

A motile, short rod, slightly curved, with rounded ends and polar flagella; 
single, in pairs or rarely in short chains of from 2 to 6 cells; no spores; capsules 
present on dextrose media; aerobic but grows moderately under anaerobic coii- 
tions; gray -white to a light buff on agar; gelatin not liq'ucfierl; indol produced; 
hydrogen sulphide produced; starch hydrolyzed, no acid or gas produced from 
dextrose, lactose, maltose, saccharose, mannite, or malt extract; optimum tem- 
perature 30° C., optimum reaction pH 6.8 to 8; Gram-negative; not acid-fast; 



Figure 2.~'Inoc}ulatioii tests on loaves of Johnson gross: A, B, leaves inoculated with Jiacterium 
andropogoni isolated from Johnson grass; C, leaf inoculated with Phytommas rubrisubalbicans from 
sugarcane; D, control, leaf scratched but not inoculated 


pathogenic on leaves of sugarcane in Louisiana, .causing the disease known as 
mottled stripe. 

SUMMARY 

Investigations carried on in ].jouisiana during a period of three 
years have showTi that three leaf-stripe diseases of sugarcane occur 
there. Two of them arc discussed in this paper. One of these, known 
as red stripe and top rot, is closely related to or identical with stripe 
and top-rot diseases in Java, Australia, and Hawaii. The disease is 
characterized by long, deep-red or maroon colored stripes on the 
leaves and by a rapid decay of the central portion of the stem. 
This decajr is followed by the dying of the apical portion of the plant. 

The evidence indicates that the organism causing red stripe and 
top rot is PhytomonaK rubrUineana. It was isolated many times 
from infected leaves and stems. Inoculation experiments on leaves 
and stems were invariably successful. Inoculation experiments with 
pure cultures of the red stripe and top rot organism have shown 
that the POJ varieties 2727, 2725, and 826 are very 8u.sceptible, 
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while the .D-74 and POJ varieties 36, 3G~M, 234, and 213 are moder- 
ately susceptible. 

The other disease, named mottled stripe, is characterized by the 
presence of long stripes on the leaf blades. These are predominantly 
red in color, though a mottled red and white condition often occurs. 
An organism, described as Phytomonas ruhrimhulhicans, sp. nov., 
was isolated many times from tissues showing mottled-stripe symp- 
toms. Inoculation experiments on the leaves of cane with pure 
cultures were invariably successful. Inoculations in stems of cane 
were negative. As a result of the inoculation experiments, the 
following varieties of cane have been shown to be very susceptible 
to the mottled-stripe disease: l)-74, P()J-2364, POJ-2222, POJ-2714, 
POJ -2727, Crystallina, U 95, 8C"-12/4, Louisiana Striped, Louisiana 
Purple, and POJ -100. Among the varieties showing (considerable 
resistance to the disease, though not immune, were POJ vari(»ti(‘.s 
36, 36-M, 234, 213, 228, 979, Co- 281, and (^P varieties 130, 177, 
arid 807. 

The mottled-stri])e disease was transmitted to Johnson grass 
{IJolcm h(de}>enHis) and sorghum, but not to ('orn. 
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CORTICIUM CENTRIFUGUM, A HETEROTHALLIC 
PATHOGENE OF APPLES ' 

By L. F. Btttlek ^ 

Associate Pathologist^ Office of Horticultural Crops and Diseases, Bureau of Plant 
Industry, Vented States Department of Agriculture 

INTRODUCTION 

[n 1903 Eustace (13)'^ reported a previously undescribed rot of 
apples. This disease, formerly called Hypochniis rot (.9), is termed 
^‘lisheye^^ rot in this paper. The rot was found in New York only, 
and on but two varieties of apples, Baldwin and Rhode Island. In 
each instance the decay followed scab and appeared as brown, 
sunken, circular lesions which varied in size. Isolations from the 
necrotic tissue yielded a fungus that was designated as JhfpochnvH 
sp. The pathogenicity of the fungus was demonstrated by inoculat- 
ing apples of the same variety as those from which it was isolated, 
as well as 33 additional varieties and 5 varieties of pears. It was 
also ascertained that when infected fruit w^as held in moist chambers 
it gave rise to superficial delicate dirty-white mycelial mats. 

As previously reported (»9), the increasing nrevalence of the so- 
called Hypochnus rot of apples has attrac'tecl attention on many 
eastern markets. Diagnoses based on the isolation and identification 
of the parasite have showm that the disease is more widespread 
than W'as formerly reported. On the markets the decay has been 
found on Baldwin, Rhode Island, Roxbury, and Ben Davis apples 
from New York; Winesap, Ben Davis, and Willow apples from 
southern Illinois; Winesap, Jonathan, and Rome apples from both 
Wenatchee and Yakima, Wash.; Jonathan and Winesap apples 
from Idaho; Yellow New^town apples from Oregon; and Ben Davis 
apples from Virginia. 

COMPARISON OF SYMPTOMS OF FISHEYE AND OTHER ROTS OF 

APPLES 

On apples grown in New York the so-called Hypochnus or fisheye 
rot usually follows scab (pi. 1, A, C), although it has been found many 
times when no scab was discernible on the fruit (pi. 1, B). When 
following scab, it appears extenially as a tan to brown circular area. 
(PI. 1, A.) Individual lesions are tisually less than 1 inch in diameter 
(pi. 1, A), but sometimes they coalesce to form larger areas (pi. 
1, C). The injured area is generally markedly depressed. The 

> Hecfiived for publication Jan. 21, 1930; issued September, tmi CJontrtbution from the Office of Horti- 
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the requirements for the degree of doctor of philosophy. 
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and suggestions. Apiireciation is extended to F. 8. Zimmerman, R, I^indstrom, and other insfiect^rs 
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depression and the color change clearly delimit the necrotic region 
from the normal tissues. The enlargement of the lesion is uniformly 
centrifugal, resulting in the maintenance of the point of inception, 
commonly a small scab lesion, in the center of the decayed area. 

The lesions are cone shaped, and the depth is usually approxi- 
mately equal to the diameter on the surface of the fruit, The sub- 
epidermal tissues are browned and disintegrated. The tissues are 
(‘haracteristically dry and somewhat strii^y, giving to the lesion 
as a whole a dry, spongy consistency. When infected apples are 
held under sufficiently humid conditions, as in moist chambers, the 
mycelium spreads over the surface of the apples, radiates uniformly 
from the lesions, and forms a characteristic, delicate, appressed, 
white mycelial mat. (PL 1, E.) 

Eustace (fS, p. 125) pointed out the similarities in macroscopic 
appearance of this rot and the |)ink-mold rot caused by Cephulothe- 
cium romurty and presented the differences as follows: 

Oh fniit affected with C. roseum there k usually a conspicuous white or 
pinkish growth of the fungus in the center of an affected spot; whereas this new 
fungus does not show at all conspicuously on the surface of a decayed spot unlil 
iriadi'. to do so by artificial conditions. On frint, C. roseum is a very shallow 
growing fungus, penetrating the tissue not much more than an eighth of an inch, 
while this new fungus growls much deeper and in its late stage extends to the 
core. 

The mycelium of the fisheye-rot fungus has been seen growing 
superficially on barreled apples from the State of New York, in which 
there was a high degree of humidity. When apples upon which the 
mycelium was growing were removed from the humid atmosphere 
necessary for this external growth of the fungus, the mycelium 
quickly disappeared. 

A somewhat analogous condition occurred in the Northwest in that 
the symptoms of the new rot agreed very closely with those of other 
rots of northwestern apples that have received much attention. To 
make this clear, a brief discussion of the field rots of northwestern 
apples is necessary. 

The first apple rot having its inception in the orchards in the North- 
west was reported in 1900 by Cordiey-(iO), and was found to be very 
prevalent on northwestern apples inspected on easteiTi markets. The 
disease was named anthracnose or northwestern anthracnose {Neqfa- 
braea rrialicoriicis). The outstanding <»,haracteristic of the apple rot 
is the tan center and dark border of the skin over the lesion. The 
disease is for the most part confined to the more humid sections of 
the Northwest. 

About 1920 a rot of similar appearance was found on the markets 
on northwestern apples shipped from localities said to be free from 
anthracnose. Isolations from these specimens yielded a fungus that 
did pot sporulatc. Because of the similarity in appearance of the 
lesions to those caused by anthracnose and the obvious difficulties 
involved in classifying the sterile pathogene, the rot was called false 
anthracnose. 

In 1925 Zeller and Childs (47) reported a new apple disease in the 
Northwest. The fruit-rot phase of this disease, which also has its 
inception in the orchards, was named bull’s-eye rot. The symptoms 
on the fruit were found to be very similar to those of anthracnose and 
faUe anthracnose, and the rot was thought to be the same as the false 
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PLATE 1 



Apples afltectecl with fisheye rot caused by Corttcium centrifugu 7 n 

A-C, Baldwin: A, Small lesions following scab and responsible for name fisbeye rot; B, large de- 
pressed lesion not following scab: 0» large Irregular lesion formed by coalescing of smiUl lesions. 
D-F , Winesap; D, Small lesions, showing d^ee ol depression; K, advanced stage, showing apiiear- 
ance of superficial mycelium after exposure to dry air; F, multiple infections, showing cotuescence. 
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anthi’acnoso reporlod on the markets. However, it is noteworthy 
that, the false-anthraeiiosc^ organism has been found to be eonsistently 
sterih', wfu^reas tlie bull’s-eye rot [)athogene {Gloeoi^porhnn perenruws) 
fruite(j readily. 

In the process of making isolations for the purpose of diagnosinj^ 
d(u‘ays of northwestern ap])les found on eastern markets, each of the 
thr(*e organisms causing the three rots (anthracnose, false anthracnosc^, 
and bull's-(\ye rot) has been found many tim(‘s. In addition to these 
three fonns there was found, as rej)ort(‘d by the writer (/?), a fourth 
pathog(‘n(' that had clam]) connections and was shown by subsequent 
cultural studic's to be morphologicudly idcuiticuil in l)oth its vegetative 
and fruiting stage's w'ith the' noele)se septate fungus ])revie)usly isolated 
from e'aste'rn af)pl('s. The l(‘sie)ns frojn which these isolations were 
jiiaele we're (juite similar to those of the‘ three rots already describe'd 
e)n ne)rthwe'ste'rn apple's. As the causal e)rganism of the new rot 
se'e'ine'd ide'utie'al with the' pathe)ge‘ne e>f the apple's rre)m Ne'W' York, it 
was fe'lt that the* same* name shoulel be use'el. As he'retofe)re statf'd, 
the* re)t is most e)rten found in ap])l('s from New A'ork, fedlowing scab, 
'riie dark circular seuxb spe)t. in the cente'r, borele‘re*d by the tan de*- 
pre'sse'el ring of eliscolore'el apple skin, pre'se'uts a somewhat ('velike 
ap])e‘arance‘, (PI. 1, A.) Membeis of the traele on eastern jnarkets 
hael useel the' name* (ishe'ye* rot te) de'signate this type e)f le'sion. Since 
the* name' alre'ady had some' staneling anel is de*se‘riptive, it has beem 
aele)ptf'e] anel is l)e'ing use'el as a comme)n name for the' disease. 

It is se'cn, in summarizing, that fe)ur apple re)ts having the same 
general a|)pearane*e' have been re])e)rteHl e)n northwestern apples. 
The le'sions consist of c()ne-shaf)ed ne'eTotie* tissues. The point of the 
e‘e)ne' extends into the tlesh e)f the fruit, anel the base is formed by the 
disce)leu*ed epielermis covering the le'siem. The dise*ole>re'd epidermis 
is usually circular in shape, having a Ian e*ente'r and a dark be)rder. 
(PI. 1, I), F.) The color e*ontrast betwe'en the central area and the 
be)reler is often more ])rone)unc('d on re'd, WTll-blushed surfaces than 
on yellow e)r lighter areas. The similarity between the fe)ur decays 
is so pronounced that in many instances isolations and microscopic 
studies of the fungi are necessary for diagnosis. However, some 
macroscopic differences have been observed. Bull’s-eye rot and an- 
thracnose are very similar. The necrotic tissues are moist and mealy; 
small lesions are not usually depressed; and superficial growth of the 
mycelium is very scanty and tufted, if present at all. Both (isheye 
rot and false anthracnose alford contrasts to these characteristics. 
In the latter tw'o diseases the necrotic tissues are usually dry and 
spongy, the lesions ('ven when very small are commonly depressed 
(pi. 1 , I), F), and if the mycelium ap])ears on the surface it is appressed 
and matted (pi. 1, E). 

PREVALPINCE OF FISHEYE AND OTHER ROTS OF APPLES 

Any estimate of the relative prevalence of the four field rots found 
on apples grown in the Northw'cst is obviously confused by the diffi- 
culties of diagnosis. While it is felt that bull’s-eye rot and anthrac- 
nose are much more prevalent in transit and storage, it is obvious that 
the greater publicity given these two diseases has somew^hat obscured 
the presence and prevalence of both false anthracnose and fisheye rot. 
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Winesap apples from the Northwest showing the characteristic 
symptoms (pi. 1, 1), E, F) were collected from a large number of 
fruit stores in late spring and cultured in the laboratory. These 
specimens showed almost 100 per cent false anthracnose and fisheye 
rot. In addition to this rather restricted investigation, many con- 
firmatory isolations have been made in late March and April from 
apples mailed to Chicago by inspectors of the Bureau of Agricultural 
Economi(*s, United States* Department of Agriculture. This cul- 
tural work, together with observations made on some 10 or 12 other 
eastern markets during the last three years, indicates that both 
false anthracnose and fisheye rot are consistently present in north- 
western apples in late spring. The percentage of decay in any given 
lot of fruit at this time of year is usually but not always small. The 
following quotation acc()m])anied six Rome apples mailed to the writer 
for diagnosis: 

M. D. T. I Morcha.nl K Dispatch Transit Co.| 95826 out. of Ronton City, 
Wash., on Octohor 17. In stora.j?o in Minnosota till March 21, arrived Detroit. 
25t h or 26th of March. Shows decay raiif^inj? from 4 t(^ 60 p(*r cent, avera^mK 
29 per cent, according to M. C\ [Michigan Contrail inspection records. Jns])ection 
restricted t.o top tier l)o\es aiul doorway. 

('ultures made of these af)ples showed that both false anthracuiose 
and (isheye rot were present. In fact, both diseases weie found on 
one of the apples. The inspector of the car stated that the specimens 
sent to the laboratory W('re representative of all the decay found. 

Inasmuch as ])ink-mold rot and the so-called Ilypo(*hnus rot, both 
found on apples grown in New York, are so similar in their macro- 
scopic symptoms, and as pink-mold rot has received a great deal 
more attention, the importance of so-called Jlypochnus rot has been 
overlooked. In the last three years approximately 100 cultures have 
been mad<' from lesions on apples grown in New York that fitted the 
description of the rot as given by Eustace (13), In most of these cul- 
tures the fungus isolated fitted accurately, in both the vegetative and 
fruiting stages, his published description of the causal organism. In 
other cultures made from the same type of lesion, sometimes from the 
same apples, a macroscopically similar grow th occurred. Microscopic 
examination, however, disclosed differences. Further treatment of 
this phase of the work is confined to later dis(*ussion in this paper. 
The morphological and j)athogenic similarities are rather conclusive 
evidence that the pathogene isolated repeatedly from apples from 
New York inspected on many eastern markets and the fungus 
described by Eustace (J3) are the same organism. 

An examination of many cars of barreled apples from New York 
has shown as high as 25 per cent of the lot to be infected with fisheye 
rot. Diagnoses in these cases were confirmed by culturing repre- 
sentative specimens. It has been found that fisheye rot is much more 
common late in the storage season than at any earlier time. 

METHOD OF INFPJCTION 

Although very few data are at hand, the studies and observations 
that have been made indicate that the inception of the fisheye decay 
occurs in the orchards. The fungi comprising the group to which 
the form that causes fisheye rot belongs are, in the main, sapro- 
phytes that are found on stumps and dead branches. In the labora- 
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tory tlic causal fungus has grown well on apple twigs and steins. 
The writer found it growing over the surface of apj)les in an orchard 
near Wenat(*hee, Wash, The superficial growtli was characteristic, 
and inicroscojiic examination of the hyphae showed the clamp con- 
nections. It is considered (piite prohahh' that the organism estab- 
lishes itself in tissues of the mature fruit that are either dead or at 
a low^ ebb of life, for example, stems, calyxes, or lenticels, in the orchard, 
and develops after the fruit is shipped. It has been found many 
times on the surface of eastern and western apples that wvre not 
decayed. 

A study was made to test the assumption that the causal fungus 
was ])resent in the stems of apples. Fifteen sound Winesap apples 
were selei'ted from a car, inspe(‘ted on the Chicago market, in which 
fisheye rot was found, llie apples w'ere not sterilized but were held 
in moist chambers in the laboratory for three weeks. In nine of 
the s])(H*imens the nodc^se septate fungus grew^ out from the stems 
and over the shoulders of the a])j)les In this and similar observations 
no decay resulted from the superficial mat. This is taken as evi- 
dence that an opiming is necessary for infection. Eustace (JS) 
obtained negative results when he placed inoculum on the surface 
of a])j)les, and c<>nclud(‘d that the fungus could not penetrate the 
sound epidermis. Tiunperature studies have shown that the decay 
does develop und(‘r commercial cold-storage conditions. It seems 
highly ])robable that the lesions found on fruit in the markets have 
n'sulted from an incipient infection that was ])resent, but invisible, 
wh(m the a|)])les were packed. In brief, it is felt that the disease has 
its inception in the field and that it develops but- does not spread in 
transit or storage. 

CULTURAL STUDIES 

From the isolations jireviously discussed, some 50 strains of the 
path()gene, considered representative of the different localities 
mentioned, have been carried in the lal>oratory. The studies of the 
cultures were made in a comparative way. Thus, although initial 
studies were made on strain No. 211-(\ isolated from Baldwin apples 
grown in New York, the morphological and ])hysiological character- 
istics that were determined for this form have been found to be 
duplicated by other strains from New A"ork and from all other locali- 
ties reported. Some few" strains have shown ditferences in culture, 
but the variations are small and mostly of a physiological nature. 
Five cultures from New" York apples differed slightly from the other 
New" York forms. No differences between strains have been found 
to be correlated with the localities from which they came. Sufficient 
studies to determine wdiether all the forms isolated should be re- 
lerred to the same species have not been completed. However, as 
will be more fully discussed later, it is felt that enough evidence has 
been obtained to justify the conclusion that the same species is present, 
in all the different localities from which the diseased specimens w"ere 
shipped. The present paper deals onlj^ w"ith the similar strains found 
in the various localities; a discussion of the variants is postponed. 

The hyphae were smooth and wdiite and had clamp connections, 
commonly one at each septum. (Fig. 1, B, C, E.) The hymenium 
consisted of loosely interw"oven hyphae identical in appearance wdth 
those shown in the drawing of Eustace (L9, pL 2). The elavate 
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Fjovrk l.—Mycella and spores from dillerent strains of Corticium cenlrilugam, X 700: Haploid 

/.Vrt VJ? ^ ho liyphao showing irregular and incomplete 

rttnticm « 1 * ..i i . .... .. )SSing Witll 

i Inoculum 

(ng. 2, A); anastomosis of hyphae present at place of contact between strains Nos. 274 and 2 
B); E, hyphae from perfect strain No. 211-C, isolated from apples grown in New York; 
F, basidium and spores from No. 21 1-(^; Q, portion of hymenium and spores from i>erfect strain 
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basidia, arising directly from the hy])hae and bearing four spores on 
sterigcmata (fi^. 1, F, H), a^ree in manner of ori<>:in and deveiopinent 
as well as in form and size with the previously published (‘haraeterb 
zation. Further agreement is found in the length and number of the 
sterigrnata and the number, shape, and size of the spores borne at the 
distal extremities of the liasidia. (Fig. J, F, (i, H.) 

The pathogene grows very well on all (he (‘ommon culture media. 
It also grows well on apple twigs, apple stems, and bean ])ods. Spore 
formation has be(Ui more copious on bean pods and string-bean agar 
than on any other substrate tried. While some su(*cess has attended 
efforts to induce fruiting, enough failures have occurred to prevent 
the assumption that sporulation may be jiroductal at will. The 
])ronoimced sensitivity of the v(‘getative phase to changes in humidity 
and moisture content of the nu'dium, and other obscu vations as well, 
indicate that the degn^e and rate of desiccation to which the fungus 
is subjected are im[)ortant factors in sporulation. 

Although temperature studies have not becui com[)leted, it has been 
found that on Baldwin apples from New York and Winesap apples 
from Washington an af)pre(*iable growth occurs at cold-storage 
temperature (,‘12^ F.). A])ples were inoculated subepidermally with 
small ])ortions of mycelium and placed in a commercial cold-storage 
room the same day. The final observations made six wrecks later 
show’od (hat the pathogene had established itself ami produced lesions 
averaging 15 to 20 mm. in dianu'ter. The o[)timum temptu'ature for 
growdhon media lies Ix'tween 05° and 75°. The maximum temi)era- 
ture for growth has not been d<‘termined, though slow grow th occurred 
in Petri dishes on corn-imud agar at 00°. Inasmuch as humidity con- 
trols and accurate t(Mn])erat ur(‘s were not availalde, except in the com- 
mercial cold-storage room, the temperature studies were postponed. 

vSingle-spore cultures of the fungus were made as follows: Portions 
of the hymenium of a fruiting culture that had been made from a 
Baldwin apple from New' York and had been (uirried in the laboratory 
foj' twx) years were transferred under aseptic conditions to tubes of 
sterile water, shaken (o remove spores, and further dilutions made. 
The spore dilutions wuu'e poured over thin layers of clear agar in 
Petri dishes. After the water had been absorbed so that the spores 
were lodged on the agar, the Petri dishes were inverted on the stage 
of a microscope for examination. When an isolated spore was found 
its location w as marked w ith a circle of india ink drawn on the bottom 
of the Petri dish. Next, the agar within this area and th(' adhering 
spore w’ere transferred to another dish containing a thin hxyov of clear 
agar. The transferred s[)ores were then examined macroseopically 
at intervals until after germination to make sure that each colony 
wuis from a single spore. When this had been ascertained, trans- 
fers wore made to tost tubes of agar and the strains w ere numbered. 
In this manner 70 single-spore cultures were made. While the myce- 
lium of most of the single-spore cultures was microscopically similar 
to the parent culture, micro.scopic examination disclosed ditferences. 
The hyphae were smooth and white but had ordinary septa instead 
of clamp connections. None of the cultuiTs formed either basidia 
or spores, but oidia were formed copiously by segmentation of hyphae. 
(Fig. 1, A.) Oidia have not been found in any of the strains that 
had clamp connections and formed basidia and spores, but have 
been found in all single-spore cultures. 
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Cultural studies reveal a variation in vigor among the different 
single-spore strains. Some are almost as vigorous as the parent 
strain, though the perfect or parent strain is on the whole more 
vigorous than any of its sterile progeny. One measure of the relative 
vigor in the different single-spore strains is shown by the rate of growth. 
Table 1 shows the results of a comparative study. Bean agar 
contained in Petri dishes was inoculated with the parent culture, 
each of its single-spore strains, and the two western sterile strains 
(Nos. 26G“A and 274), respectively, and kept at room temperature. 
The cultures were allowed to grow two days to establish themselves 
})efore initial measurements were taken. The total radial increase 
and average daily increase during the next five days were recorded. 

Tahi.k 1. — Comparative growth rates of a perfect strain {No. Sll-C) and of sterile 
strains of the fisheye-rot fungus 
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The parent culture. No. 211-'C^, grew more rapidly than any of its 
progeny or than the two western sterile strains. Duplicate plates 
showed that the variation in rate of growth is consistent for the indi- 
vidual strains. It will be noted, however, that the rate of growth 
does not vary with the genotype. Wlien two strongly mating haplonts 
are paired the spread of the resultant colony proceeds at a faster rate 
after the diploid condition is initiated than it did while its two com- 
ponents were still in the haploid state. An example is seen in a com- 
parative study of the amount of new growth in two colonies shown in 
Figure 2, A, 2 and 14. The faster rate of growth seems correlated with 
the perfect or diploid condition. 

While the longevity of the fungus in culture has not been studied, 
it has been found that the diploid mycelium can live as long as six 
months without transferen(‘.e, though many cultures of the single-spore 
strains die in a few weeks if not transferred to fresh culture medium. 
Observations indicate that there is a correlation between mortality 
and the sugar content and moisture of the substrate. 

The absence of clamp connections in the hyphae of the single-spore 
cultures indicated that the fungus was heterothallic. Pairing of the 
monosporous strains was therefore begun. 
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RESULTS OF CROSSINGS 

CROSSING OF SINGLE-SPORE CULTURES OF FISHEYE-ROT ORGANISM 


Thirty sinj^le-spore (Uill ures of the fisheyo-rot organism were selected 
arbitrarily for crossing studies. Tlie cultures were numbered 1 to 30 
consecutively. Culture No. 1 was paired with each of the 29 other 


made on bean agar in test tubes by 


cultures. The pairings were 
placing small pieces of inoc- 
ulum of the two strains clos(‘ 
togetherineach tube. Checks 
were made by transferring 
each of the 30 strains individ- 
ually to other tubes. Micro- 
scopic examination of the cul- 
tures two weeks later showed 
that the crossing of six of 
the strains — Nos. 4, 12, 13, 

17, 22, and 2r)~“had resulted 
in clamp formation, but that 
no clamps were found in any 
of the other tubes nor in any 
of the checks. Basidia and 
spores were found in each of 
the cultures that had formed 
(damyis, but they were not 
found in any of the other <nil- 
t ures. This is in keeping wit h 
the findings of others. 

Since Bensaude (/) demon- 
strated heterothallism in the 
Hymenomycetes in 1918 by 
her work on Coprhms jime- 
tarinft^ a comprehensive study 
of the condition has been 
made by many workers. In 
such studies definite criteria 
by which the haplonts and 
diplonts may be distinguished 
are essential. Clamp connec- 
tions have become the accept- 
ed criterion in distinguishing 
between the haploid and the 
diploid (u>ndition. The mon- 
osporous mycelia of hetero- 
thallic Hymenomycetes has 
been found to be uninucleate 
and devoid of clamps, where- 
as the pairing of compatible inonosporous strains results in a my- 
celium with paired nuclei that has clamps (7, 20), Heterothallism 
is therefore evidenced by the presence oi clamps in the compound 
mycelium and the absence bf clamps in the inonosporous mycelium. 
Cytological studies of heterothallic forms (/, 25) have demonstrated 
that two inonosporous uninucleate my^celia, by anastomosing, give 
rise to the compound mycelium with paired nuclei. In many Hymeno- 



Fhji’HK 2-— Diagrams showing areas of clamp formation 
in cross«\s between two sterile western strains (Nos. 
2(U5-.\ and 274) and four sterile eastern strains (Nos. 1, 2, 
14, and 17). The numeral on each colony is thenumb<‘r 
of the ea.stern strain with which the western strain was 
crosst'd. (Table 5 ) Shading with horizontal lines de- 
notes normal numlwr of elamiis; crosshatching denotes 
normal and iw'gular clamps; dotted areas denote oidia 
jw'bent; broken lines mark separation of old growth from 
that developed after crossing In each cross the inoculum 
of the western strain is nearest the wnter of the diagram. 
A, ("rosses of No 2m-\ with the eastern strains. B, 
('rosa<*sof No 274 with the eastern strains 



278 


Journal of Agricultural Research 


VoJ. 41, No. 4 


my cotes the haplonts form nidi a but the diplonts do not. However, 
some variation has been found in this, so it is not always a reliable 
cTiterion. Although fruiting is usually confined to the binucleate 
phase, Kniep {19) has found that haplonts of Schizophylhiin eomnmne 
produced fruiting bodies and spores morphologically similar to the 
fructifi(‘/ations of diplonts, though all the spores produced on the 
sporocarp were of one sex. Similar findings have been reported by 
Kniep (20)^ V'andendries (4^), Brunswik {2)y Zattler {4())y and Hanna 
{17). Therefore in the work presented here, although the formation 
of oidia and basidiosporcs has besen taken into consideration, the basic 
(U’iterion has lieen the presence or absence of (damps. 

Inasmuch as culture No. 1 grew more vigorously than any of 
those with which it had mated, it was dc^signated as a plus strain and 
those that had crossed with it w^ere recordecl as minus strains. Culture 
No. 1 and culture No. 17, the latter one of the minus strains, were 
then paired with each of the 28 other single-spore cultures in the 
manner previously described. Checks of each culture w^ere made as 
before. Examination three weeks later proved that culture No. I 
had again mated with each of the six minus strains. Clamps were 
also found in the crosses betw^een culture No. 1 and cultures Nos. 20, 
29, and 30, which were therefore recorded as three additional minus 
strains. Since clamps were present in the crosses between culture 
No. 17 and cultures Nos. 1, 0, 18, and 23, these two st'ts of pairings 
thus resulted in the segregation of four plus strains and nine minus 
strains. No (damps were found in any of the other tubes nor in the 
checks. 

It had been necessary to duplicate some of the pairings because the 
(uiltures made as che(dcs did not gl•ow^ The failure of these strains 
to grow in the paired cultures would doubtless be overlooked because 
the two pieces of inoculum' were placed in contact with each other 
and the mycelium from the more vigorous of two included strains 
could easily cover the inoculum of the other strain. 

C^onsequently, a new technic was employed, and pairing betw'een 
cultures Nos. 1 and 17 and each of the other single-spore strains was 
repeated in the following manner: Inoculations w^ere made on sterilized 
string-bean pods, two pods, one much shorter than the other, being 
placed in each test tube, A few cubic centimeters of distilled water 
was added to each tube to prevent too rapid desiccation. In all 
inoculations with cultures Nos. 1 and 17 these strains were placed on 
the upper end of the short bean pod and the strain with wdiich they 
were paired was placed on the upper end of the long pod. The cavities 
at the tops of the broken i)ods afforded a convenient receptacle for 
the inoculum. Care was exercised in the inoculation to insure the 
presence of but one of the strains on each pod . The distance separating 
the two pieccis of inoculum thus afforded ample opportunity for 
checking the viability and growth of the less vigorous strains before 
the mycelium from tne vigorous strains had developed far enough to 
cover them. 

Examinations for clamps wore made a week later, when in all tubes 
the mycelium of both strains had reached the lower ends of the bean 
pods and formed a profuse mat at the point of contact. Mounts for 
study were made from the bean tissue at the region of contact. 
Clamps were found in all crosses in which they had occurred previously 
and in two additional ones. Culture No. 15 crossed with No. 17, and 
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No. 2(3 with No. 1. All suhsoqiiont studies were made on bean pods 
as described. 

To check the possibility that, (damps might have been overlooked in 
the hyphae in any of the previous work, cidtures Nos. 1 and 17 were 
twice paired with (‘ach of the rcuuaining lo strains that had not mated 
with either of them. In both scuies all results were negative. 

The possibility that the ability of single-s])ore cultures to cross 
decreased with time, wlien carried in culture, was checked by jiairing 
cultures Nos. 1 and 17 again with each of the 28 other single-spore 
cultun^s. Wlum tlu'se tubes were examined clamps were found in 
each cross in which they had Ix'cn found before?, but no additional 
pairs showed (damps, indicating that no change in ability to cross had 
o(‘ciirred. 

The 15 unmat('d strains were then yiaind with one another after the 
well-known checkerboard method. Subse(tiient examination showed 
that the 15 strains divided into two groups of 7 and 8 individuals, 
repectively. Each individual of these groups formed clamps when 
paired with any individual from the opposite group but failed to form 
them when paiivd with another individual of its own group. Former 
railure to obtain positive results with all pairings was thus found to be 
due to the fact that theu-e are four instead of two types of strains pres- 
ent. No morphological or physiological difference (Table 1) between 
strains had been observed to indhuxte this genotypic difference. 

The nec(?ssary transfers were next made to complete a (‘heck(U’board 
pairing of all of the 80 single-spore cultures. The results of all possible 
])airings of the 80 singh'-sjxue cultures are shown in Table 2. 

Tahlk 2. — Results of all possible pairings of SO single-spore strains derived from a 
single hpmenium of culture No. J11 C of Corhcium centrifugum 


f— indicates ab.sonci' of claiiips. f indicatt'S i)ri'senco of clamps] 
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It is seen that the progenies of the nodose septate form are differenti- 
ated into four types as demonstrated by their ability to fuse and form 
clamps. Kriiep (23) listed 15 species of Hymenomycetes, among: 
them Cortiemm serum ^ for which this phenomenon has been reported. 
This occurrence of four types of spores has been variously explained. 
In general it is interpreted as a sex phenomenon. Prell however, 
favored the view that this and similar phenomena in fungi which he 
designates as ^^Aeihogametie’^ do not involve sex differentiation. 
Buller (6*), Newton {29 ^ S0)y and Mounce {27 y 28) interpreted it in 
terms of sexuality and designated such a fungus as ^^quadrisexual.'' 
They used the genetic notation introduced for such situations in fungi 
by Kniep {19y 2()y 21). 

Kniep {21) postulated that copulation of haplonts in Hymeno- 
mycetes is determined by genes which may occur as multiple allelo- 
morphs. Thus, in such results as those recorded in Table 2, one is 
dealing A\ith a haplodioecious fungus with two pairs of such allelo- 
morphs localized in four different chromosomes. This type of fungus 
is designated as of the tetrapolar or 'Mihybrid’’ type. At first 
Kniep designated these genes as ^‘sex factors’" (i.9, 21). Later, 

in harmony with the suggestion of Prell {34)^ Brunswik {2)y Oehlkers 
{31)y and others, he {22) dropped this term and, following the sug- 
gestion of Oehlkers, designated them as copulation factors. Conse- 
quently he replaced the phrase ^^pluripolar sexuality” by “pluri- 
polarity of copulation-determining factors.” He made the funda- 
mental assumption that the presence of identical copulation factors 
prevents co])ulation. Thus AH can copulate only with </6. 

Brunswik {2) has interpreted identical phenomena in his experi- 
mental material by assuining the operation of sterility factors. He 
assumed that autogamy is the fundamental pro(*ess in both monoe- 
cious (homothallic) and dioecious (heterothallic) fungi; that is, both 
have the same genotypic constitution so far as sex is concerned. 
Hcterothallism is determined by the addition of inhibiting or sterility 
factors, and mutability and allelomorphism are linked with these 
rather than with real sex factors. Specifically, in the case in hand, if 
one follows this conception, copulation of the haplonts is determined 
by the presence or absence of two sterility factors. Oehlkers {31) 
points out that this interpretation is more in line with Correns"s 
theory of sex than Kniep's original conception. He is inclined, how- 
ever, to use the phrase ‘‘copulation factors,” but is opposed to the 
genetic formulations advanced by Kniep.^ 

The position of Vandendries {43) is not quite clear. In one in- 
stance, in contrasting Brunswik’s “sterility factors’" and Kniep’s use 
of the concept “fertilizing factors,” he states that in the critique of his 
experiments he has always adopted by pure opportunism Kniep’s 
interpretation. In the same paper he states that both these theories 
lie in the realm of pure hypothesis; that with respect to the law of 
fertility between geographic races the theory of Kniep must admit an 
indeterrninite number of determiners, whereas the theory of Brunswik 
permits consideration of the loss of a single determiner as a cause of 
exceptionally increased fertility; and that he would be inclined to 
adopt the point of view of Brunswik. 


* This statement is based on tiie review by Kniep iU) of Vanciendries's paper U4). which the present 
writer has not seen. 
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Further understanding of the fundamental causes operative in the 
production of more than two types of haplonts is dependent upon more 
detailed study of the phenomenon than was attempted in the work 
presented here. h\)r this reason, the interpretation of results in this 
paper is based upon conceptions and conclusions — although not 
accepted in toto — that other workers have derived from more ex- 
tensive investigations. 

It has been assumed that the four types of haplonts are the result 
of segregation of factors carried by the fusion nucleus of the diplont. 
The fusion nuclei are said to contain two allelomorphic pairs of genes 
that determine the sexual nature of the individual haplonts. The 
four genes are thought to be borne separately on four chromosomes. 
Thus the genotypic formula for the fusion nucleus is written AaBh. 
It is seen that four genotypically ditferent types of nuclei may follow 
chromosome segregation. The four possible genotypes would be ^16, 
ali, AB^ and ab, Kniep postulated that crosses occur only between 
haplonts that have no duplication of genes. Thus the genotype Ah 
would be compatible with aB but not with AB or ah. The symbols 
used in Table 2 indicate genotypic differences in the four types of 
haplonts used in the present pairings. Thus it is seen that the hap- 
lonls designated as ab produced (*lam])s when paired with all the hap- 
lonts under the symbols AB, but not with any of the other three 
types. Further analysis of the table shows that each group of hap- 
lonts behaved in a similar manner; that is, compatibility was found 
only between haplonts designated by o])posite genetic formula. 

hlxperiments by several investigators {2^ 17, 19, 20, 27, 28, 29) have 
demonstrated that four genotypes are consistently present in the 
sporocarps, or hymenia, of 15 species of Hymenomy(‘etes. Studies of 
the spores from individual basidia showed that some basidia bear two 
types of spores (21) and that other basidia bear four types of spores 
(16, 80). This behavior is attributed to variation in the time of the 
reduction division. Inasmuch as the basidia are four-spored, two 
divisions must folh)W the fusion of the dicaryon in the basidium. If 
the first of the divisions is the reduction division, only two genotypes 
are [)Ossible for each basidium, and two basidia are necessary to pro- 
duce the four genotypes in one fruiting body. The nuclei resulting 
from the second division would be genotypically identical with their 
sister nuclei. If, however, the reduction division occurred in the 
second division, four genotypes could be borne on the same basidium, 
as the two daughter nuclei of the fusion nucleus would each contain 
the four genes AaBh. Therefore, if redu(‘tion division in one of the 
daughter nuclei gave rise to genotypes having the formulas AB and 
ab, and the other nucleus produced genotypes represented by the 
formulas Ab and aB, spores of four genotypes would be produced on 
one basidium. In the present work no effort was made to obtain 
spores from individual basidia. The spores, as stated, were trans- 
ferred from an arachnoid hymenium. 

INTERCROSSING OF FALSE*ANTHRACNOSE CULTURES 

Table 3 gives the results of a checkerboard cross of six false- 
anthracnose cultures, all obtained from apples grown in Washington, 
and a seventh culture (No. 279-~A) isolated from a New York Baldwin. 
Laboratory studies had shown no difference in morphology or path- 
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ogonicity between the western strains and this eastern culture. The 
numbers used are the stock numbers under which the cultures have 
been carried in the laboratory. The technic employed was the same 
as that described for the preceding experiments. Examination of the 
cultures was made when the hyphae of the two strains had mingled 
thoroughly. As sliown by Table 8, clamps were found in but one 
f)airing, that between culture No. 266-A, isolated from Rome apples 
shii)ped from Benton City, Wash., and sent to the Chicago office from 
Detroit, and culture No! 274, isolated from Winesap ai)ples shipped 
from Wenatchee, Wash., and inspected on the Chicago market. 

Table 3. — Results of all possible pairings of seven so-called false-anthrac/nose 

strains 


f- indicates atisenco of clamps; + indicates presence of clamps] 
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The nodose septate form resulting from the cross fruited and was 
studied in the laboratory. It agreed in all morphological details, 
including size and form of hyphae, basidia, and spores (fig. I, (i), 
with both eastern and western j)erfect forms isolated from apples 
showing fisheye rot. Checks were made as usual, and examination 
showed all checks to be free from clamps. 

The cross between Nos.* 260 -A and 274 was repeated five times. 
Each time clamps were produced by the mating, and check cultures 
remained negative. Duplication of the balance of the checkerboard 
gave identical results a second and a third time. None of the other 
cultures produced clamps when paired. Their failure to cross will be 
discussed later. 

CROSSING OF FALSE ANTHRACNOSE WITH FISHEYE CULTURES 

These 6 western cultures of false anthracnose were representative 
of about 50 sterile strains isolated from western apjiles during the last 
three years. The other strains died in the laboratory. The character 
of the lesions from wffiich they were isolated, as well as the morphology 
and consistent sterility of the mycelium, are evidence that the (causal 
organism of false anthracnose and these sterile strains are the same 
fungus. Although about 20 isolations had been made from lesions on 
apples grown in New York identical with these western lesions, culture 
No. 279-A was the only strain that had remained alive during the 
entire period of these studies. This lack of vitality under laboratory 
conditions, together with the identity in morphology and pathogenic- 
ity, indicates that the eastern and western sterile strains are the same 
organism, llie fact that No. 279--A was isolated from an apple from 
a second lesion of which was isolated the perfect form producing 
fisheye rot, together with the production by crossing of two western 
strains of a perfect fungus identical morphologically and pathogen- 
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ically with the fisheye-rot organism, would seem conclusive evidence 
that the sterile strains producing false anthracnose and the sterile 
strains of the fisheye-rot organism are identical. Inoculation studies 
with the four strains of the fisheye-rot organism proved that these 
strains are ecpially pathogenic. Lesions produced by the perfect 
strain and l)y the four sterile strains produ(‘ed by germination of its 
single spores are indistinguishable. These lesions are also indistin- 
guishable from those produced by inoculation with each of the sterile 
strains from false-anthracnose lesions. 

In order to check further the identity of these sterile strains, 
pairings were made with each of these seven strains and four single- 
spore strains from culture No. 21 i-C — Nos. 1, 2, 14, and 17. (Table 2.) 
The re'sults are shown in Table 4. 

Table 4 . — ResuUs of all possible pairings of the so-called false-anthracnose strains 
with four genotypic strains of culture No. 21 I-C 
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Because of the significance of these jiairings they were made many 
times. It is seen that the single-spore cultures (Nos. 1, 2, 14, 17) 
maintained their previously noted behavior toward one another. 
Moreover, since previous pairings between the two western strains 
(Nos. 2()G"A and 274) had resulted in clamp formation as well as fruit- 
ing, positive results from the pairing of these tw^) strains, obtained in 
this series, may be regarded as duplications of former findings. 

Table 4 show^s also that four of the western sti’ains and the eastern 
strain did not form clamps with any of the strains with whi(*h they 
were paired. Although these five sterile strains have been paired in 
all possible combinations with each other and with the four types of 
haplonts from single-spore cultures six times, no clamp conntx^tions 
have ever been found in examinations of the pairings. This con- 
sistent maintenance of the haplophase necessitates the consideration 
of three possibilities. The first is the phylogenetic relationship 
involved. If the five sterile strains were too distantly related to the 
others with which they were incompatible, that is, different species, 
the negative results obtained would be expected. The negative 
results from interpairing the five variants wmuld then indicate either 
that they were too distantly related to one another or that they were 
genotypically alike. However, cultural studies in the laboratory 
have "disclosed no morphological, physiological, or pathogenic dif- 
ferences among these five sterile strains and any other haplonts 
studied. It is believed that the similarities noted render untenable 
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the hypothesis that a too distant relationship is responsible for the 
negative results. 

The second possibility is that all the haplonts found belong to the 
same species, but that the affinities for these five sterile strains, al- 
though present in the progeny of the New York strain, have not been 
found. However, the clear-cut dihybrid behavior of the 30 single- 
spore cultures used in the previous work is rather strong evidence 
that only four genotypes are formed by this strain. Additional 
evidence that there are but four genotyfjes is provided by the follow- 
ing fact: No deviation from the dihybrid behavior was fv)und when 
30 single-spore cultures made from the Fi generation were paired 
with each of the four genotypes that had been segregated from the 
parent generation. Each of the 30 haplonts formed clamps with 
some one of the original four genotypes. This typical dihybrid 
behavior among 60 haplonts seems sufficient evidence that representa- 
tives of all genotypes formed by this strain have been found. 

The third possibility is occasional incompatibility, such as has been 
found to exist in other Hymenomycetes, among haplonts derived from 
individuals of the same species that were separated geographically. 
Vandendries (45) made studies of individuals of CoprmvH rnicaceus 
from Luxemburg, eastern and western Canada, the Netherlands, 
Germany, and other widely separated localities. The behavior of 
the haplonts from these individuals was very erratic. Kniep (23) 
in reviewing this work stated that it furnishes proof that haplonts 
of the same species of different geographical origin can be sterile to- 
ward one another on an extensive scale. The erratic behavior among 
haplonts of individuals from different localities has been found by 
other workers in many species of Hymenomy(‘etes and is attributed 
either to gene changes or jbo environmental factors that modify the 
development of the inherent genotypic tendencies. In the present 
work it is felt that the consistent incompatibility of the five haplonts 
discussed may be considered as an additional instance of such a 
phenomenon. Therefore, they are here regarded as haplonts of the 
same species even though they do not form clamps with any of the 
haplonts so far found in the species. This phenomenon will be more 
fully considered in the discussions that follow. 

A further study of Table 4 shows that two of the strains (Nos. 
266~A and 274) from western apples mated with one another and 
that each formed clamps with each of the four single-spore cultures 
(Nos. 1,2, 14, 17), which represent the four types of haplonts from the 
New York culture No. 211-*C. These results can not be interpreted 
in the light of the purely qualitative genetic conceptions thus far used 
in this paper. The fundamental premises previously used in this 
discussion are that duplication of the genes involved renders haplonts 
incompatible and that genotypic opposites are compatible. The 
theoretical genetic formula of the fusion nucleus previously pre- 
sented, AaBby permits but four genotypes. The assigning of the 
genetic formulas, which follow, is based on previous crossings of the 
haplonts. (Tables 2 to 4.) The assignment of the notation aB to 
strain No. 266-A and of Ab to strain No. 274 indicates that they are 
genetic opposites and should mate. The finding of clamps in each 
of the six pairings that have been made between these two is seen to 
be in accord with the notation. The qualitative genetic notation is 
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supported also by the behavior of cultures Nos, 1 , 17, 14, and 2, which 
have, respectively, the genetic notations ABy abj Ab, and aB when 
crossed among themselves (Tables 2 and 4), in that the presence or 
absence of clamps has been consistent with the genotypic symbols 
assigned to the paired haplonts. 

In additional studies cultures Nos. 274 and 26r)“A were each paired 
with each of the above-mentioned single-spore cultures in two IVtri 
dishes on string-!)can agar. Microscopic study showed that clamp 
formation had again occurred in eacdi of the eight pairings. Follow- 
ing these qualitative results a quantitative study was made. An 
extensive series of mounts of the mycelia was made from each of the 
pairings in the two plates and studied microscopically. A sufficient 
number of systematic studies was made to jiermit the mapping of the 
various conditions of the ditrerent areas within the traced outlines of 
the colonics. The results are shown in Figure 2. 

An analysis of the diagrams shows that not only were the results 
of mating qualitative, as indicated by the presence or absence of 
clamps, but quantitative as indicated by the number and complete- 
ness of clamps present in each pairing. Ordinarily when two haplonts 
mate, normal clamps occur and oidia are absent at the point of 
contact of the two haploid mycelia, and the condition is reversed in 
both haplonts a short distance from the j)oint of (‘ontact. In pairings 
held in the laboratory for some weeks it has been found that, as time 
passed, a decrease in haploid hyphae containing septa and producing 
oidia was accompanied by an incTcase in dijiloicl hyphae that formed 
clamps and did not produce oidia. In an examination of positive 
[lairings 3 to 4 weeks old it was found that ordinary septa were very 
rare and that clamps were present in abundance, while oidia w'cre no 
longer found. These findings indicate very strongly that when hap- 
lonts copulate a progre.ssivo decrease of the haplophase is acconi- 
])anied by a progressive increase of the diplophase. In the present 
case, however, no such consistent regularity of jirogression was found, 
but degrees of completeness c'lf copulation were noted, the quanti- 
tative (conception of copulation being based on differenc'es in the 
included pairings and in the different areas in each pairing. Such 
differences involved the presence of oidia and ordinary septa (fig. 1, A), 
w^hich were acoepted as evidence, of haploid hyphae, and the relative 
normality and number of clamp connections, which were considered 
proof of diploid hyphae. Clamps that were incomplete or variants 
(fig. 1, B) were considered to indicate a lesser degree of compatibility 
than complete normal clamps (fig. 1, C). The accompanying genet- 
ical interpretation (Table 5) of some of the crosses shown in Table 4 
is included here to facilitate the discussion of these (quantitative 
phenomena. 

The genetic formulas used are those already assigned to the different 
strains. The plus and minus signs, as in other tables, indicate the 
presence or absence of clamp connections. The pairings are num- 
bered consecutively for more ready reference. 

An examination' of Table 5 shows that clanijis were formed in each 
instance in which the individual contributions of the two haplonts 
resulted in the production of the genetic formula AaBb that has 
been considered normal for the fusion nucleus. This is seen in pair- 
ings Nos. 2, 5, 7, 10, 18, 20, 23, 25, 28, and 33. Each of these crosses 
has been strong; that is, it has produced many normal clamps. Nos. 
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2 and 7 are duplicate crosses of Nos. 266-A and 274, which have 
always given strong results. Three pairings that were held in the 
laboratory fruited copiously. Nos. 18 and 38 are duplicate pairings 
of Nos. i and 17 and Nos. 23 and 28 are duplicates of the cross 
betw('en Nos. 2 and 14, which have repeatedly given strong, positive 
results with (‘opious clamp formation and sporulation. 

Table 5 - -Genetic notation of the pairings of two western and four eastern haplonts 
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The remaining pairings that resulted in clamp formation, Nos. 3, 
4, (), 0, 11, 12, 13, 14, 19* 2b, 31, and 32 of Table 5, really represent 
but six diff(U(*nt crosses because of the duplication in the checker- 
l)oard. Examination of the table shows that although clamps were 
formed in (‘ach instance, the theoretical formulas for the resulting 
fusion nuclei deviate from the assumed AaBh normal. It is also 
se('n that degrees of deviation occur. 

For convenien(*.e the numerical designation of the crosses in the 
genetic Table 5 is duplicated in the diagrammatic*- sketch of the IVtri 
dishes. (Fig. 2.) Comparison of the figures in relation to the 
ci-osses thus far discussed discloses a quantitative correlation. Thus 
cross No. 5 is the strongest expe^rimen tally (fig. 2, A) and is the 
only one of the four crosses between 2()fi-A and the four genotypes 
that has a normal genetic formula. Cross No. 4 in Table 5 is seen 
to show complete duplication in both pairs of allelomorphs, and 
reference to the diagram (fig. 2, A) shows it to be the weakest cross. 
Crosses Nos. 3 and 6 ^each show duplication in one of the included 
allelomorphic pairs and are both seen to be approximately midway 
in strength of crossing between the other two. The slight difference 
between crosses Nos. 3 and 6, shown in the figure, might be due 
to the relative importance of the genes involved or to the relative 
vigor of the two genotypes. Thus it is seen that the quantitative 
aspects of the theoretical genetic conceptions are supported by the 
experimental determinations. 

It is believed that the sequence of the experimental findings and 
the theoretical applications are worthy of note. The microscopic 
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studies and inappirig wer(‘ completed before the genetic interpreta- 
tions were attempted. An examination of the second diagram 
(fig. 2, B) reveals a complementary situation in the crosses between 
strain No. 274 and strains Nos. 1, 2, 14, and 17. As stated pre- 
viously, strain No. 274 has repeatedly proved to be the genotypic 
opposite of strain No. 266~A. Therefore, opposite behavior would 
be expected. CV)mparison of crosses Nos. 10, 11, 9, and 12 in the 
diagram shows that the expectations are fulfilled. It is seen that 
in these four (U’osses the strongest one occurs between strain No. 
274 and strain No. 2 (cross No. 10), whereas strain No. 2 (fig. 2, A) 
formed the weakest (‘ross with strain No. 266-A (cross No. 4). 
Inasmuch as strains Nos. 2 and 14 arc affinities and strains Nos. 
20fi~A and 274 are also genotypic opposites, this behavior is in 
a(‘cord with expectations. Further analysis of the diagram shows 
that strains Nos. 1 and 17 0 (*cupy a midway position in strength 
of crossing with strain No. 274 (crosses Nos. 9 and 12). This is 
consistent with their behavior with strain No. 266-A (crosses Nos. 

and 6). (Fig. 2, A.) To complete the consideration of the com- 
])lementary relationship between strains Nos. 266-A and 274, atten- 
tion is directed to cross No. 11 between strain No. 274 and strain 
No. 14. It is seen that the ])airing of No. 14 with No. 274 resulted 
in the w(*akest cross. 

A (‘onsideration confined to the relationships between strains Nos. 
274 and 2 and between Nos. 266-A and 14 is in accord with a 
])urely qualitativ(' genetic interpretation involving two pairs of allelo- 
morphs. The crossing of strains Nos. 266-A and 274 with strains 
Nos. 1 and 17, and of No. 266-A with No. 2, and of No. 274 with No. 
14, can not be explained bjv this hypothesis. Reference to Table 5 
shows that identical genetic formulas have been assigned to both 
positive and negative pairings, as in crosses Nos. 13 and 16. (^ross 
No. 16 shows agreement in but one pair of genes and is negative, 
whereas cross No. 11 sJiows agreement in both pairs of genes and is 
positive. 

OISC'IISSION OF (UiOSSINGS 

In the ])resent work no purely genetic studies, such as interpairing 
or back crossing of hybrids, have been made. The results of such 
studies with other Hymenomycetes by Kniep {22^ 2'S) support the 
contention that gene changes are involved. In view’ of this fact, the 
first question that presents itself is the correctness of the distinction 
between ])ositive and negative pairings. The presence or absence of 
clam])s is, as has been said, the accepted criterion. In the work pre- 
sented in this paper efforts have been made to confirm diagnoses 
based on the presence or absence of clamps by subsequent presence 
or absence of sporulation in the cultures. Fruiting has occurred with 
some strains in seven to nine days on string-bean agar. However, as 
has been stated, the fruiting of the fungus is erratic. The writer has 
not been able to induce sporulation at wdll with any of the nodose 
septate strains studied. Tins has been true of all perfect forms 
isolated from apple as well as of the perfect fonns that resulted from 
crosses in the laboratory. Therefore, although sporulation when 
found may be considered as positive evidence, the absence of fruiting 
can not be accepted as negative evidence. In the intercrossing of 
the six haplonts here considered (Nos, 266-A, 274, 1, 2, 14, and 17) 
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spores have been found, as stated in different places herein, in the 
crosses between Nos. 266--A and 274, Nos. 1 and 17, and Nos. 2 and 
14, but not as yet in any of the other crosses. 

The formation of clamps that has occurred in the pairings between 
the eastern and western haplonts and the agreement in morphology 
and pathogenicity seem ample proof that they belong to one and the 
same species. Hanna (/7), working with geographical strains of 
CoprinuH lagopm from England and from Canada, found that haplonts 
from the two geographical strains reacted positively. She stated: 

The fact that hyphal fusions took place between the English and Canadian 
strains, resulting in the formation of clamp-connexions, furnishes a conclusive 
proof that the Coprinus lagopus found in England is identical with the species 
occurring in Canada. 

Vandendrics {4t) reported that he had crossed Panaeolus campan- 
ulatus and P. fimicolo, but both Kniep (22) and Brunswik (3) state 
that all efforts to cross species have failed and that this cross had not 
been repeated and is questionable. 

The complete fertility recorded in Table 5 between each of the two 
western haplonts and the four genotypes from the eastern strains is 
in accord with the findings of other w^orkers. For example, Hanna 
(17) found that the individual fruit bodies of Ooprinua lagopus con- 
sistently produced four genotypes. That is, the testing of the 
haplonts resulted in typical dihybrid results such as are recorded in 
Table 2 in this paper for Corticium centn fugum. However, when she 
])aired any haplont from a fruit body of one locality with the four 
genotypes from a fruit body from another locality, each pairing w as 
positive. In 694 pairings that were made betwT.en ha])lonts from 
different fruit bodies she found that while each fruit body produced 
but 4 ^‘sexes'’ the 6 fruit bodies in the aggregate produced 24 ^‘sexes.” 
vShe stated : 

Further iiiveatigatioiis may show that these sexual strains are to be found 
generally throughout the hcterothallic Basidiomycetes, and that each si)ecies 
is made up of a definite number of such strains. 

Other instances of haplonts showing a typical monohybrid or 
dihybrid type of behavior when paired with other haplonts from the 
same fruiting body but copulating with all the haplonts from different 
fruiting bodies of the same species, obtained from slightly or widely 
separated localities, have been reported by Kniep (21 y 22 y 23) for 
Sehizophyllum commune y AleurodiHcus polygoniuSy Oollybia velutipesy 
0, conigena, Armillarm muciday and Coprinus jimdarius; by Brunswik 
(2y 3y 4) for C . fimetarius y C. comatusy C. niveuSy C. picaceuSy C. lagopusy 
and C.friesii; by Vandendries for Panaeolu^s campanulaius (41) and 
for C. radians (42); and by Newton (29) jor C. rostrupianus. 

Taking into consideration the results of these workers, it would 
seem that the two western haplonts studied in this paper represent 
two of four genotypes and that the other two genotypes have not yet 
been found. A brief r6sum6 and correlation of tiie presentation in 
this paper with the findings of other workers follows. 

The phenomena reported here for Corticium centrifugumy that is, 
the dihybrid behavior recorded in Table 2, the intenncompatibility 
and intraincompatibility of five haplonts, as shown in Tables 3 and 4, 
and the apparent quantitative manifestation illustrated in the dia- 
grams (fig. 2), are of the same order as those that have been reported 
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for other Hynienoniycetes. A comprehensive discussion of the sub- 
ject will be found in papers by Kniep {2S) and Brunswik {5). 

Many of the Hyinenoniycetes, which are dioecious (heterothallic), 
have been shown, by crossing of the haplonts from individual fruiting 
bodies, to follow the clear-cut dihybrid tetrapolar'' or “vierer- 
scheina^’) type of behavior recorded for Corticium centrifugutn in 
Table 2. A smaller number have shown a inonohybrid bipolar'^ 
or ''zweierschema’O type of behavior, of wliich there is no indication 
in C. centrijugum. 

In addition to the previously discussed deviation from the ^Hetra 
polar condition that occurs when haplonts from different fruiting 
bodies are paired, deviations have been found to occur in tlie relation- 
ship of haplonts from the same fruiting body. Reports of deviations 
from either the “bipolar’^ or ^Hetrapolar type of behavior in the 
haplonts from a single fruiting body have been made by Vandendries 
{ 41 , 44^ 4^) Panaeolus campanalatm, P. neparatus, and Coprinus 
micaceus; by Kniep for Schizophyllum, comrnvne; and by Bruns- 
wik {4) for (\ picacevs. However, enough consistent regularity was 
found to indicate that merely a deviation from the type is involved 
rather than an entirely different phenomenon. Brunswik (4) reported 
for C. picaceuf^ a 25 per cent deviation from the typical dihybrid 
behavior and termed the phenomenon “ Durchbreckungskopulation.^^ 

All the haplonts of Corticium ceritrlfuginn, when carried in the 
laboratory in pure culture, have maintained theur sterile condition. 
Some of the strains have been in culture for nearly three years, but 
no clamp formation or fruiting has been observed. Other workers 
have found a spontaneous changing from the haiffophase to the diplo- 
phase. Vandendries (4^) terms this phenomenon '^I’het^ro-homothal- 
lisme.^’ This phenomenon has been reported by Kniep {20) for 
Schizophyllum commune and (hllyhia relufipes; by Vandendries {42) 
for CoprinuH radians and C\ micaceus; by Hanna {17) for C, lagopvs; 
and by Newton {20) for C. rostnipianus. 

It is seen that investigations of dioecious Hymenomycetes thus far 
have indicated that either a monohybrid or dihybrid behavior is con- 
sistent cijough to be (considered typical or normal. It is also (*lear 
that deviations of different kinds occur. Kniep {22j 23), in main- 
taining his fundamental assumption that presence of like genes in any 
two haplonts prevents cojmlation and that genotypic opposites do 
copulate, assumed that gene changes cause these deviations. He 
contended that no (completely different genes are involved, but that 
the genes are localizeci iti homologous chromosomes in the same 
position, but are slightly changed quantitatively. In other words, 
the phenomenon of multiple allelomorphs is involved. Thus, the 
genetic formula of the fusion nucleus may change from AaBb to 
A'a'B'b', or the change may affect but one pair of allelomorphs. 
The haplonts containing the modified genes maintain the dihybrid 
ratio between each other, but each will copulate with any haplont 
containing unmodified genes. The disruption of the typical mono- 
hybrid or dihybrid ratios among haplonts from the same fruiting 
body, previously referred to, and the complete interfertihty of haplonts 
from (lifferent localities are attributed to quantitative ^ene changes. 

Cases of complete intersterility are also reported. Kniep (23) has 
reported that a haplont of Schizophyllum commune did not copulate 
with any of the haplonts from another fruiting body. Vandendries 



290 


Journal of Agricultural Research 


Vol.41, No. 4 


Up) has reported a similar phenomenon for Coprinm radians, Bruns- 
wik U) found the same situation in C, comatus. The most striking 
example is that reported by Vandendries (45) for C. micaceus. Inter- 
pairing of haplotits from different geographical strains showed two 
types of deviations. Some of the haplonts were incompatible, while 
others showed increased compatibility. It is believed that the incom- 
patibility in the case of the five haplonts discussed in this paper and 
the complete compatibility of the other two western haplonts com- 
prise an analogous situation. Kniep reported that the haplonts 
of two fruiting bodies of Collybia cirrhata collected in one locality 
were eompletefy interfertile, but that haplonts from two other fruiting 
bodies collected in different places in another locality were absolutely 
intersterilc. The completely interfertile forms are easily explained 
by the previously advanced theory of quantitatively altered genes. 
However, the complete intersterility of the two other fruiting bodies 
can not be explained by the complementary assumption of idtmtity 
of genes in all eight component haplonts, for since the four haplonts 
of each fruiting body follow a pure or slightly modified dihybrid 
formula they must be different genotypically. Kniep considers that 
the intersterility may be due to too great a quantitative differcfice in 
the genes or to secondary factors. 

The spontaneous change of mycelia from the haplophase to the 
diplophase is also assumed by Kniep (23) to bo the result of gene 
changes. In a monohybrid type the change involves one allelomor- 
phic pair while in a dihybrid two pairs of genes are modified. 

The genetic interpretation of the behavior of the llymenomycetes 
advocated by Kniep 22 y 23) thus embraces the conception that 
the forms are highly mutable. This interpretation finds support in 
extensive purely genetic studies by Kniep and other workers. Kniep 
(23) y however, states that he has at present no satisfactory explana- 
tion for all the deviations that have occurred in his tests of Schizo- 
phyllum communCy and in those of Vandendries (45) with Coprinvs 
micaceusy and in those of Brunswik (2) with C. jimetarius. Possibly 
they may neyossitate an entirely different interpretation. At present 
the genotypic explanation serves better than any other as a working 
hypothesis. 

In the light of this brief consideration of the literature, it is seen 
that the results of the study of the apple pathogene presented in this 
paper are in accord with the findings of other workers for numerous 
llymenomycetes. No deviations have been found in the studies of 
the apple organism that have not been reported as occurring within a 
single species of other llymenomycetes. 

TAXONOMY 

Since the fungus des(u*ibod in this paper compares so closely in 
pathogenicity and morphology with the one described by Eustace as 
Ilypochnus sp., there is little doubt that it is the same fungus. Taxo- 
nomic studies carried out in the present work have shown that, 
although much attention has been given to the group, a great deal of 
confusion still exists in regard to the taxonomy of Hypochnus and 
closely related genera. 

The genus Hypochnus was described by Fries (14) in 1818. In 
1874 (15)y however, he placed Hypochnus as a subgenus under Cor- 
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ticiuni, reserving for Hypochnus those species of Corticium which 
possessed a lloccose or toinentose to almost powdery hyrneniiini. Jn 
1881 the genus Hypochnus was amended by Karsten (i^), who 
included in it most of the congeneric forms originally included by 
Fries, but excluded such as fell logically into the genus (\)rticiuin. 
Hypochnus as amended by Karsten includes tlie synonymous genus 
Toment(dla as<*ribed to Persoon {SS, r. 2, p, IS-ID) but first pub- 
lished as a genus by Patouilhird (32) in 1887. The genus Hypochnus 
as given by Saccardo (3/)) is a composite group based on the old Fries 
classification but includes forms which Fries liad later discarded from 
the genus. Many species descrilied by vSaccardo under Hypochnus 
are now placed in Corticium, Penio])hora, and ndattKl gencu’a. Engler 
and Prantl (12) and St(*vens (37) separate the genus Hypocdmus 
Khrenberg (11) from closely related genera on the basis of spore color 
and number of sterigmata, and following the suggestion of Schroet(‘r 
(»%*), place it in tlu* family Hy[)o<‘hna(*eae, which is separated from 
the Thele|)horaceae on the basis of the absen(*e in the former grouj) 
of a compact layer of closely aggregated basidia forming a true 
hymenium. H. and P. Sydow {3H) advise the dropping of Hypochnus, 
in the sense of Schroeter, and the a.ssigninent of the species to their 
proper ])la(‘es in other genera. liurt (7) agrees that Hypochnus, in 
the sense of Schroeter, must b(‘ abandoned, and follows Karsten in 
placing under Hypochnus only resupinate species with colored echinu- 
late spores. Resupinate forms with smooth hyaline spores, placed by 
Engler in Hyf)oclinus, would, therefore, be excluded. Burt (8) assigns 
to the genus Corticium those species, both hypochnoid and compact, 
which are always resupinate, have (‘olorless spores, and lack cystidia, 
excepting a few' parasitic forms placed in Exobasidium. 

The fungus under discussion fits closely Burt’s description of 
(hrticluni ceninjugum (Lev.) lh*es., wdiich is synonymous with the 
I/ifpochnus centnfugufi Lev. described by Saccardo (5V7, r. p, 35/^). 
Burt (tV) stated, however, that (\ cenfrifuguoi is “only rarely nodose 
septate.” Lindau and Idbrich (2f)) in their description of (\ centrif- 
ugum say that clamp connections are abundantly present. It is 
highly probable that the heterothalli<*. nature of the fungus is responsi- 
ble for these contradictory statements. As clamp connections are 
not formed in the sterile strains and are (‘onsistently present in the 
perfect strains, some variation is to be expected. In material in 
which fusion had re(*ently occurred clamp connections would be 
present in some hyphae and not in others. (Fig. 1, D, and Fig. 2.) 
Therefore, the number of clamp connections found in material col- 
lected in the field would be proportional to the relative })roportion of 
sterile and perfect mycelium present in the speciimm. Examinations 
of crosses made with compatible strains of this fungus in the labora- 
tory have show'n great variations in the numbe!* of clamp connections 
present. Soon aftei- crossing takes place clamps occur only near the 
point of contact, while the rest of the colony grow th is made up of 
hyphae with ordinary se])ta and oidia. (Fig. 2.) Later the new 
growth at the periphery of the colonies shows perfect clamps (fig. 1, 
C; fig. 2, A, 14, and B, 2), and in the case of strong crosses some imper- 
fect or incomplete clamps (fig. 1, B) even develop in the old grow^th 
near and over the inoculum (fig. 2, A, 14, and B, 2.) When the culture 
is about 2 weeks old clamps are the rule and ordinary septa the 
exception. 
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Corticium centrifugurn is rather widespread in the United States 
and has been reported from three of the States (New York, Washing- 
ton, and Oregon) from which the apple-rotting fungus has been col- 
lected. This fact further substantiates the lelegation of the apple 
fungus to this species. 

DESCRIPTION OF CORTICIUM CENTRIFUGUM FROM PURE-CULTURE STUDY 

Mycelium spreading over the substrate and forming a delicate white mat, 
varying from closely appressed to fluffy and t)Ccasionally zoned; center of mat 
thicker than extremities; older cultures on bean pods ()r apple twigs forming 
hyj)hal knots, or plectenchymic cushions 3 to 4 mm. in diameter, white when 
young, brownish (cinnamon buff to avellaneous) ® when old; hyphae smooth, 
white, loosely interwoven, not incrusted, diameter variable, averaging 3.5 m, 
dihvbrid; clamp connections characteristically present in perfect forms (fig. 1, 
C, il), absent in sterile strains (fig. 1, A); hynienium arachnoid, powdery, indefi- 
nite; basidia borne directly on hyphae (fig. 1, F, G), clavate 3.5 to 5.5 by 9 to 20 g, 
bearing four sterigmata from 1.85 to 5.5 g (fig. 1, H); no cystidia; spores sub- 
globose to ovate, smooth, hyaline, flattened on one side, 3.4 to 3.6 l)y 5.4 to 7 g 
average, 2.7 by 3.7 g minimum, 4.6 by 8.3 g maximum (fig. 1, F, G, H). Oidia 
present in sterile strains. (Fig. 1, A.) 

Habitat: Parasitic on apple fruit. Occurs in New York, Illinois, Washington, 
Idaho, Oregon, and Virginia. 

SUMMARY 

The diseases known as Hypochnus rot, fisheye rot, and false 
anthracnose are identical and are caused by the same fungus, which was 
previously designated as Hypochnus sp., but which is here identiliecl 
as Corticium centrifugum (Lev.) Bres. 

The decay in apples progresses at the ordinary commercial cold- 
storage temperature of 32° F. Indications are that infection occurs 
in the orchards and that the disease develops but does not spread in 
transit or storage. 

The fungus has been foupd to grow well on artificial media. Vegeta- 
tive growth is favored by high humidity and is extremely sensitive 
to desiccation. 

Studies of the fungus have shown that it is lieterothallic and that 
individual perfect strains produce four types of haplonts. The results 
of crossing studies made with sterile strains have been interpreted 
genetically and are in accord with the findings of other workers for 
other Hymenoinycetes. The identity of eastern and western strains 
of the fungus based on morphological and pathogenic similarities 
has been supported by crossing of sterile strains. 
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SOME CONDITIONS AFFECTING THE STORAGE OF 

PEPPERS > 


Bv John I. Laiiritzen, Pathologinty and R. C. Wright, Physiologist, Office of 
Horticultural Crops and Diseases, Bureau of Plant Industry, United States 
Department of Agriculture 


INTRODUCTION 

A (luantiiy of green peppers ((^apsieiiin) grown in the vicinity of 
Washington, D. (\, and stored in a local cold-storage house at a 
temperature of about 0^ (\ from October 24 to November 20, 1924, 
WHS inspected at the reipiest of the owner. The fruits were in various 
stages of d(‘terioration and were thought to have been injured by 
freezing. Ilowevm*, a careful examination of the lesions led to the 
belief that the trouble was caused h\ a fungus rather than by freezing, 
(1) because the lesions were more delinitely localized than is usual in 
freezing injury, and (2) because a septate mycelium was found in 
affected areas. Fifty-on<' isolations from lesions in all stages of 
development were made from the diseased pejipers to carrot-agar 
plates, with the following results: 46 plates yielded pure cultures of 
a species of Botrytis, 4 were sterile, and 1 yielded an unidentified 
fungus. Tyjncal lesions developed in pepper fruits inoculated with 
th(» Botrytis. 

A fi'uit rot of l)epper caused by liotrytls cinerea Pers. which occurred 
at the Missouri Botanical (larden in 1911 was reported by Peltier^ 
in 1912. The disease was characterized as follows: 

TIh* peduncles were covered with a dark-hrown mass of coiiidia and inyeeliinn, 
which so weakened the tissues that the fruit soon fell to the |<round. On opening 
the pe])pers a number of large, flat, crustlike sclerotia, 1 cm. long and 0.5 cm. 
wide, >vere found to fill the interior. In most cases the seeds were also covered 
with the erustlike masses. 

This appears to bo the only roport on record of a disease of pepper 
eaiised by liotrytvi cinerea, the fungus responsible for the storage rot. 

The i)urpo 80 of this paper is (1) to describe the freezing injury of 
peppers and the Botrytis disease as it develops in storage; (2) to sub- 
mit data regarding the cause of the disease; (3) to report the effect 
of certain storage temperatures and humidities on development of 
the disease; and (4) to present data, obtained in connection with 
some of the storage tests, showing the influence of temperature and 
humidity on shriveling, ripening, and infection with and development 
of anthracnose {Colletotrichum nigrum E. and H.). 
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DESCRIPTION OF FREEZING INJURY 

A juiiiihor of frostily ^athorod ^roon poj)])ors wore fi-ozoii under 
controlled lahonitory conditions, and a study was made of the symp- 
toms of injury and the temperature at which the peppers freeze. It 
was found that freezing injury usually is not diflicult to recognize. 
This injury is characterized t)y a soft, watery, llat>by texture of the 
affected tissues (pi. 1, C), which may be restricted to a limited area 
in case of slight exposure or which may imdude the entire pepper. 
This is in contrast to the firm, brittle tissue of an uninjured pep])(»r. 
(PI. 1, A.) The external color of a ])epper injured t)y freezing is 
darker than that of an uninjured |)epper and is characterized t)y a 
dead and waler-soakcnl ap])earan<*e. The stem is usually soft and 
darker in color than that of an unfrozen pepper, and the epidermis 
shows a tendency to slough off when handled. Whcui a frozen pep- 
per is (‘ut across, water cjuickly collects over the cut surlWe of the 
atfeeted portion of the rind and drips off vcuy freely if the tissue^ is 
s(pleez(^d. In addition, these surface's are dark and water-soaked 
without the traces of whiter usually noted in the rind, in the segment 
jiartitions (se])ts), and in the core of the sound fruit, in erases of 
severe injury the sc'eds are brown in color instead of light green to 
white. 

Plate 1 shows cross sections of a frozeui and an uninjured ])e[)pe'r. 
In Plate J, I), can bese'cn the dark color of the e‘ore and surrounding 
seed and to some c'xtent the general state of colla])se due to freezing 
injury. The white' e'orc' and light-colorc'd se*ed and the generally 
tur*gid a|)pearance of an uninjuieei pepper are shown in Plate 1, B. 

The freezing point as deter-rnined by the therrnoe'le'ctrie method was 
found to range troni to ~0.99°, with an avc'i'age of -- 1.00° (\ 

DESCRIPTION OF BOTRYTIS ROT 

Most of the Botrytis-rot lesions were circular to elliptical, although 
some were irrergular in outline due to the coalescence of two or more 
le'sions. The\y varied in size fr-orii a mere point t-o an area so lar*ge 
that it involved most of the fruit. The color of the smaller lesions 
re'sembled a ve'rtiveu* green,'* whie*h usually persisteul at the mar‘gin 
of the larger ones. The centr*al areas of the larger lesions varied 
fr*oni Isabella color, ecru-olive, and light br^ownish olive to bufly olive. 
The e’olor of a given Ic'sion seemed to vary more or less in this eentral 
region, depending on the amount of light, the angle at whie*h light 
struck it, and the variation in the refl('e*.ted light fj*om the glazed 
surface of the pepper. The epidermis in the necrotic areas remained 
intact and could be peeled off readily. The underlying tissue had 
lost its coherence and was soft and watery. Some of the lesions, 
especially the smaller ones, conformed to the contour of the fruit, 
while others were slightly sunk v^n, with sharp margins. In many of 
the larger lesions the surfa(*e was wrinkled and the diseased tissue 
tended to collapse toward the center of the fruit. The gray mass of 
conidia and mycelium may sometimes be seen on the surface of the 
fruit when the epidermis is broken. An excellent representation of 
the lesions is given in Plate 1, E and F. 
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PLATE 1 



A^ninjured green pepper fruit; B, cross section of uninjured fruit; C, fruit injured by freetiog; 
B, orms section of fruit injured by freezing; E, F, pepper fruits showing lesions of different sises 
caused by Bofryfis einerea 

(Colored drawings for A and C were made by Miss M. D. Arnold 
and for B, D, S» and F by R. C. Steadman.) 
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INOCULATION EXPERIMENTS 

The ivsults rocordod in Table 1 were obtained from four experi- 
ments carried out to determine, the pathogenicity of the Botrytis 
obtained from the forej^oinji: isolations. In each experiment the pep- 
p(‘rs were washed with soap and water and rinsed in taj) water. Jn 
e\])eriment 1 an attempt was made to sterilize more completely th(‘ 
surface of the fruit by sj)onpn^ with a wad of cotton saturated with 
95 p(u* cent ethyl alcolnd. The peppers were inoculated by inserting 
a mixture of agar, mycelium, and spon^s from carrot-agar plates into 
the rind tissue bv means of a sterile needle. Th(‘ (‘heck fruits were 
merely punctured with a sterile lU'edle. In (‘xperirnents I and 2 a 
pure-lin(' strain of Botrytis obtained from the original isolations was 
used, and in (*xj)eriments 3 and 4 a reisolation from e\])eriment 2 was 
(Miiployed. In (‘ach e.\p(‘rini(mt both the inoculat(Hl fruits and tlu* 
checks were stored under id(mtical conditions in either moist cham- 
bers or 4-<juart “till’' baskets at the temperatures giv(Mi in Table 1. 
Kifty-fiv(‘ infections, or S7 |)er cent, res\dt(‘d from bll inoculations. 
Only on(' infection occurred in the checks, and this did not oc(*ur at 
the point of j)unctur(‘. Botrytis was obtain<*d 24 tilings out of 2(> 
isolations. Th(‘ lesions w^(M’e typical of those from whicli Botrytis 
was originally obtaiiu'd 
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It is believed that these results, together with those discusseti later, 
estal)lish the fact that the net^rotic condition of the peppers described 
was caused by this Botrytis.* 

STORAGE EXPERIMENTS 

DEVKLOCMENT OF BOTUYTIS HOT IN DIFFERENT LOTS OF FEPPEHS AT LOW 

TEMPERATURES 

Five experiments w^ne condu<*ted to determine whether or not 
the storage of greem pepper fruits at low^ temperature vyould normally 
ivsult in infection by Botrytis in the absence of artificial inoculation. 
The fruits used in four of ilu‘ experiments w ere purchased on the local 


♦ II. IL Whctzol.of ('orncll I'niveLsity, to whom f he organ i.srn wa.*? suhnutted for identification, (‘\prcssed 
the belief that it belonged to the civeren (mk* of Botrytis The pathogenc has been given the acivssion 
number 140. 
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market and were of unknown variety. The peppers employed in the 
fifth experiment were grown at the Arlington Experiment Farm, 
Rosslyn, Va., and were a mixture of the following varieties: Sweet- 
Meat Glory, Ruby King, Ruby Giant, and Bull Nose. Of the lots 
obtained on the market, one came from Florida, one was grown in 
the vicinity of Washington, I). C., and the origin of the other two is 
unknown. 

Only sound fruits were used. They were stored in refrigerator 
rooms 8 feet wide, 14 feet long, and 11 feet high, in either 4-quart till 
baskets or 16-quart hampers. The results olitained are recorded in 
Table 2. 


Table 2. — Influert-ce of low icmperalure on infection of pepper fruits by Botrytis 
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other orRiinisms 
isoliitcd 


2 pliih'S yit'lfiod 
ronicilliiiiii, and 
1 Hii unKiontiflod 
fungus. 

1 plato, stt'rllr. 

2 platos yifldcid 

"Miicor sp., 1 

Peninlliurn sp , 
and 2 hactiTia. 

2 plali's yiPldod 
Mucor sp., 1 

u bacterium, and 
1 wasstcnU* 

5 r)latcs, sterile. 


« The lesions in the.so 2 cases were slightly atypical, being gn*'*iu‘r 1 han the normal. 
Numerous. 


The character of the lesions that developed was tyiiical of Botrytis 
rot, the percentage of the fruits infected was high, and the number of 
lesions in experiments 1, 2, and 5 was large. Botrytis was obtained 
in most of the isolations made. The lesions that developed in 
experiments 3 and 4 were hardly typical of Botrytis rot, being slightly 
greener than normal lesions. The resemblance to the normal Botrytis 
lesions, however, was sufficiently marked to justify maldng isolations 
from them. Only a few fruits were infected, and the number of 
lesions was small. Botfytis was obtained only once out of 1 1 isola- 
tions. Four plates yielded a Mucor, three .showed bacteria, one a 
Penicillium, and two were sterile. 

The foregoing data justify the following conclusions: (1) Difl’erent 
lots of peppers do not react uniformly to Botrytis infection w’^hen 
stored at temperatures ranging from 0° to 2° C., and (2) peppers 
obtained on the market at Washington, D. C., or grown locally may 
become infected by Botrytis when stored at low temperatures for long 
periods. . 
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INFLUENCE OF TEMPERATURE, HUMIDITY, AND TIME ON INFECTION OF PEPPERS 

BY BOTRYTIS 

Two experiments were eondiicted during the fall of 1928 to deter- 
mine the effect of certain temperatures and humidities on the infection 
of pepper fruits by Botrytis durinjj; storage. Ruby King was the 
vanety employed in both cases. It was grown at the Arlington 
Experiment P^arm and stored in galvanized-iron cliambers 40 inches 
high, 42 inches long, and 35 incJies wide, except in two oases (the two 
humidities at 13° C\, Table 3), where they were stored in insulated 
refrigerated rooms 8 by 8 by 8 feet. 

There were nine galvanized chambers, three of which were located 
in each of three insulated refrigerated rooms 8 feet wdde, 14 feet long, 
and 11 feet high. The temperature was automatically controlled at 
0° C. in one of these rooms, at 4.5° in another, and at 10° in the third. 
Three humidities were maintained at each temperature by means of 
water and calcium chloride in evaporating pans. The low, medium, 
and high humidities at one temperature were fairly comparable to 
the low, medium, and high of the others, if the saturation deficit is 
used as a measure of the degree of humidity. 

The temperature in the rooms maintained at 13° C. w^as hand- 
controlled by means of brine coils and electric heaters. Water and 
calcium chloride in evaporating pans were used to maintain the 
difference in humidity. Both of these humidities when measured by 
the saturation deficit were lower than any of the Immidities employed 
at the other three temperatures. 

In one experiment 10 full-sized green fruits were stored under each 
of the nine combinations of temperature and humidity at the tem- 
peratures 0°, 4.5°, and 10° (\ These fruits wu^re examined at frequent 
intervals for infection with Botrytis rot and anthracnose and for 
shriveling and ripening of the fruits. 

In the second experiment fruits of four types as to size and ripeness 
were selected, namely, small green (half size), large green (mature 
green), semiripe, and ripe. Fourteen small green, ten large green, 
nine semiripe, and ten ripe fruits w^ere stored in 4-quart till baskets 
at each of tlie 1 1 combinations of temperature and humidity given in 
Table 3. P'requent. insjiections were made for Botrytis infection, 
anthracnose infection, shriveling, and the degree of ripening. 

Table 3. — Hvlaiion of temperature^ hwmifhty, and time to infection of pepper fruits 

by Botrytis 
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The data in the two experiments, with respect to the conditions 
under which they were conducted, were parallel and correspond so 
closely that only those from the second experiment will be presented. 

Although there was some variation in the number of infections by 
Botrytis occurring under given conditions at a given time in tbe 
various lots, it was not large, and the relation of infection to tem- 
perature and humidity in the different lots corresponded closely. 
For example, the percentage of infection under all of the 11 conditions 
in 39 days was in ripe fruits 8, in small green 9, in large green 12, and 
in scmiripe 10, and the distribution at the various temperatures and 
humidities was about the same. 

The summary of the results obtained from the four lots is re- 
corded in Table 3. There was no infection at 13° C. in 39 days. 
ITumidity in this case was probably a limiting factor, for infection 
was obtained in another e.xperiment in a lot stored at 13° and a 
relative humidity of 92 per cent. It is also possible that temperature 
may have aided in eliminating infection, for it will be noted that the 
number of infections occurring at all tbe relative humidities at 4.5° 
was markedly higher than at 10°, notwithstanding the fact that the 
relative humidities at the two temperatures were comparable. 

A larger number of infections occurred at all the relative humidities 
at 4.5° than at 0° C., and the initial infections were observed 14 days 
earlier. 

At each of the temperatures 0°, 4.5°, and 10° C. the higher the 
humidity the larger was the number of infections, except at 0° after 
46 da^ys. Although there was a tendency' for the time required for 
infection to occur to lengthen with the lowering of the relative^ 
humidity at a particular tomfierature, there were exceptions, and 
the difference in time was never marked. 

INFLUENCE OF TEMPERATURE, HUMIDITY, AND TIME ON INFECTION OF PEPPERS 

WITH ANTHRACNOSE 

The data on anthracnose (Table 4) w’ere obtained in connection 
with study of Botrytis rot, but as they bring out facts of importance 
in regard to the storage of peppem they are included here. It should 
be said at the outset that xary little anuhracnose developed in fruits 
in any of the experiments aside from the last two now under con- 
sideration. In these anthracnose was more conspicuous than Botry- 
tis rot, not only as manifested by the number of fruits infected biit 
by the much larger number of lesions. Anthracnose lesions developed 
at all the temperatures employed, and at all the humidities except 
69 per cent at 0° C., although the fruits were free from visible in- 
fection of any kind when stored. There was very little difference 
in the number of fruits infected at temperatures of 4.5°, 10°, and 
13° at any time during the experiment. As the temperature fell to 
0° there was a considerable decrease in the number of infections. 
There was a slight tendency for the time required for the occurrence 
of the initial infection to lengthen as the temperature was lowered 
from 13° to 4.5°. The time required for infection to occur was 
considerably lengthened as the temperature was lowered from 
4.5 to 0°. 
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Table 4. — Jnjluenca of temperature,^ humiditi/j and tune on infection of pepper 

fruits with anthracnose 
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The nuiiiher of infeetioos that oeeiirred at 13° C. may have been 
limited by the low humidity employed, althoujj:h there is little evidence 
in the table as a whole that humidity was a limiting or modifying in- 
lluence. At 13° the nund)er of infe(‘tions was less at 71 per cent 
relative humidity than at 7(i per cent. At temperatures of 4.5° and 
10° the smallest number of infections occurred at the medium humidi- 
ties, the greatest number fluctuating betw een the high and low^ humid- 
ities with extension of time. At 0° the number of infections was 
greatc^st at- the medium humidity. The distribution of infection in 
the individual lots, as in the other experiment, showed the same 
general relation to temperature and humidity as did the four lots 
jointly. 

It should be kept in mind that the results obtained on the distribu- 
tion of infection at the various temperatures and humidities may have 
been influenced to some extent by the distribution of the inoculum, 
w hich was contingent upon natural inoculation rather than on a con- 
trolled distribution. It is believed, however, that considering the 
abundance of infection, the distribution must have been fairly 
uniform. 

The following facts may be emphasized: (1) Peppers may become 
infected with anthracnose, and the disease progresses under the 
storage conditions employed in these experiments: (2) at a tempera- 
ture of 0° C. infection is delayed sufficiently to make storage of unin- 
fected fruits, although contaminated with anthracnose spores, feasible 
for a period of 32 to 39 days. 

An examination of the data on the various lots of peppers revealed a 
marked difference in the amount of infection of small green and large 
green fruits on the one hand and semiripe and ripe fruits on the other. 
Nine per cent of the large green fruits and 9 per cent of the small 
green fruits stored at all the conditions of temperature and humidity 
became infected by the end of 39 days, w^hile 21 per cent of the semi- 
ripe and 28 per cent of the ripe fruits became infected. Barring the 
possibility that this difference in infection might have resulted from 
a difference in the amount of inoculum due to a difference in the 
length of time that fruits remained on the plants, it would seem that 
these results indicate a greater susceptibility to anthracnose in the 
semiripe and ripe fruits than in the small "and large green fruits. 

10240—30 3 
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Dastur * claims that the ripe fruits are more susceptible to anthrac- 
nose than the green ones. 

INFLUENCE OF TEMPERATURE, HUMIDITY, AND TIME ON RIPENING OF PEPPERS 

IN STORAGE 

The results on ripening are recorded in Tables 5 and 6. Table 5 
deals with the small green and large green fruits, and Table 6 with the 
semiripe fruits. The results with the small green and the large green 
fruits were so similar that they were combined. 

Table 5. — Influence of temperature^ humidityy and time on ripening of green pepper 

fruits in storage 
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Table 6 . — Influence of temperaturCy htimidity, and time on ripening of semiripe 
rtepper fruits during storage 
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The humidities employed in these experiments seem to have had 
little or no effect on ripening. 

The ripening process went on at all four temperatures (0®, 4.5°, 
10°, and 13° C.), but very slowly at 0°, and the rate increased rapidly 
with the rise in temperature. However, ripening was sufficiently 
slow in green peppers at both 0° and 4.5° to permit storage for three 
or four weeks. 


» DASTUB, J. F. GLOMKUEI.LA CINGULATA (STONEMAN) SPATJLI). AND V. SCH, AND ITS CONIDIAt FORMS, 
QKEOSPOBIUM PIPERATUH E. AND K. AND COLLETOTRICHVH NIGRUM E. AND HALS., ON CHILLIES AND CARICA 
PAPAYA. Ann. Appl. Biol. 6: 245«2C8, illus. 1020. 
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INFLUENCE OF TEMPERATURE, HUMIDITY, AND TIME ON SHRIVELING OF PEPPERS 

IN STORAGE 

At the first sign of softening a pepper fruit was considered shriveled. 
It was believed that this procedure would result in a more accurate 
inepure of shriveling than any attempt to estimate the degree of 
shriveling. Since the physical condition of the fruit is more im- 
portant from the market standpoint than the loss in weight, shriveling 
rather than loss in weight was used as a measure of loss of water. 

With one exception the results, whether considered in connection 
with the separate lots or jointly, clearly show a marked effect of both 
temperature and humidity on shriveling. The higher the tempera- 
ture and the lower the relative humidity, the greater was the number 
of fruits that shriveled. At a temperature of 4.5^^ C. and a relative 
humidity of 74 per cent, the number of fruits that shriveled by the 
end of 18, 25, and 32 days was greater in all four lots of experiment 
2 (Table 7) than at a temperature of 10° and a relative humidity of 
84 per cent — although the reverse was true after 11 days — as well 
as in experiment 1 (data not presented). A humidity of 74 per cent 
at 4.5° had a slightly greater saturation deficit than a humidity of 84 
per cent at 10°, but this fact does not eliminate the difficulty, for 
there would still be a discrepancy because the effect of temperature 
is more than off’set by this small difference in humidity. Of course, 
there is some room for error in the method employed in measuring 
shriveling. On the whole, the results show a marked increase in 
shriveling with the increase in temperature. 

Table 7. — Influence of temper alurCj humidity^ and lime on shriveling of green 

pepper fr nils in storage 
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The conditions most favorable for the storage of peppers from the 
standpoint of shriveling are (1 ) a temperature of 4.5° C. and a relative 
humidity of 95 per cent and (2) a temperature of 0° and a relative 
humidity of 90 per cent. The latter condition was somewhat more 
favorable than the former. 

Taking into consideration the effects of temperature and humidity 
on infection and development of Botrytis rot and anthracnose and on 
ripening and shriveling, an examination of the results recorded in 
Tables 3 to 7 shows that the most favorable condition among those 
employed for the storage of peppers is a temperature of 0° C. and a 
relative humidity of 90 per cent. A temperature of 0° was the least 
favorable of those employed for the development of disease and for 
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shriveling and ripening. Although relative humidities of 69 and 80 
per cent at 0° are less favorable for infection by Botrytis than a 
relative humidity of 90 per cent, those humidities brought about 
shriveling too rapidly for the prolonged storage of peppers. The 
limiting factor at a relative humidity of 90 per cent at 0^ is infection 
by Botrytis, but the earliest infection was observed only after 32 days 
and the percentage of infection w^as not large until after 46 days. 

SUMMARY AND CONCLUSIONS 

Freezing injury and Botrytis rot of peppers are described. The 
lesions on pepper fruits caused by freezing are shown to be distinct 
from those produced by B. eiverea. The following distinguishing 
features may be emphasized: The lesions due to freezing injury have 
a water-soaked appearance, are a darker green than the normal fruit, 
and are indefinite in outline. The Botrytis lesions, on the other hand, 
are very definite in outline and are a creamy, buffy olive color. 

It has been shown not only that Botrytis einerea is able to infect 
l)ep])er fruits w^hen used in artificial inoculations, but that it does so 
normally and commonly at temperatures from 0° to 13^^ C. 

Although peppers stored at temperatures fliudiiating from 0° to 2*^ 
C '. for a few weeks commonly become infe(‘ted with Botrytis cmerea, 
occasionally there are lots that show little or no infection. 

The number of pepper fruits infected by Botrytis einerea out of the 
lots containing 129, 129, and 128 fruits, stored at temperatures of 0°, 
4.5®, and 10® C., respectively, for 39 days, wash at 0®, 30 at 4.5®, 
and 10 at 10®. The temperature of 4.5® was more favorable for 
infection than either 0° or 10®, notwithstanding the optimum tem- 
perature for the growth of B, einerea is about 25®. The time required 
for the initial infection to occur at 0® was about 32 days, as compared 
with IS days at 4.5° and 10®. 

There was an increase in the number of Botrytis infections with 
the increase in the relative humidity at each of the tempe*ratures 0®, 
4.5®, and 10® C. 

Anthracnose developed on pepper fruits contaminated with anthrac- 
no.se s})()res at all the temperatures employed (0® to 13® C.). The 
time required for infection to occur tended to increase as the temper- 
ature fell below 13®. 

There was very little difference in the number of anthracnose infec- 
tions that occurred by the end of the various periods of time employed 
at temperatures of 4.5® and 10® C. The number of infections found 
at either of these two temperatures was much larger than at 0®. 
In general, the number of infections that occurred at 13® was larger 
than at the lower temperatures, notwithstanding that the two humid- 
ities employed at 1 3® were lower, on the basis of the saturation deficit, 
than at the lower temperatures. No consistent relation between 
relative humidity and infection with anthracnose was found at the 
various temperatures. 

Some ripening occurred at temperatures of 0®, 4.5®, 10®, and 13® C. 
In general, the number of fruits ripening decreased and the time 
required for ripening increased with the fall of the temperature 
below 13®. Very little ripening occurred in 39 days in fruits stored 
ft/t 0 end 4-5 . Humidity did not seem to $iffect ripening in any way. 
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In general, the time required for shriveling to occur increased with 
the fall in temperature below 18° C. At all the temperatures 
employed, the number of fruits that shriveled after any given period 
of time increased rapidly with the lowering of the relative humidity. 
The time reemired for shriveling to occur decreased with the lowering 
of the humidity. 

A temperature of 0° C. and a relative humidity of 90 per cent 
were more, favorable for the storage of peppers than any of the other 
temperatures and humidities employed. This temperature is suffi- 
ciently above the freezing point of peppers (—1.00°) to insure against 
injury from freezing. 




EXPERIMENTAL STUDIES ON THE GROWTH AND 
DEVELOPMENT OF STRAWBERRY PLANTS ’ 


By George M. Darrow ^ 

Senior Pomologist, Office of Horticuliural Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

The work reported in this paper constitutes a field study of the 
behavior of several varieties of strawberry plants during the greater 
part of the growing seasons of 1925 and 1920 at Glenn Dale, Md. Its 
purpose was to determine the environmental conditions most eflective 
in promoting and limiting plant growth and development under field 
conditions. The general plan of the studies included detailed meas- 
urements of the plants growing in the field, especially of their leaf 
enlargement, in order to obtain numerical indices of their growth 
activity throughout the season, together with corresponding records of 
some of the main influential climatic conditions. The plant data were 
then compared with the climatic data to find out what correlations 
existed for the periods studied. The strawberry seems to be partic- 
ularly adapted to studies on plant activity, because it is usually 
active from the opening of spring until the arrival of freezing weather, 
it is easily propagated vegetativeljr, and it is very tolerant of a wide 
range of climatic and soil conditions, although it responds with 
characteristic definiteness and promptness to slight climatic fluctu- 
ations. The results of the study sho'w what conditions were most 
influential in the growth of the strawberry and present a general 
picture of its development throughout the growing season under 
Maryland conditions. 

CLIMATIC RECORDS 

The field records were taken at the United States Plant Field 
Station at Bell (post office Glenn Dale), Md. The work was begun in 
1923 and continued through 1924, 1925, and 1926. As the principal 
records discussed herein are those of 1925 and 1926, climatic data for 
these years only are presented. Strawberries are commonly planted 
at the Bell station about April 1, and top growth usually ceases 
between October 15 and November 1. The growing season for tops 
therefore covers 6)^ to 7 months, or about 210 days. 

Air-and-soil thermograph records, records of white and black 
spherical porous porcelain atmometers, and records of soil-moisture 
content were taken in the field near the plants. Additional records 
were obtained from an official observation station of the United 
States Weather Bureau located but a few hundred feet from the straw- 
berry field, and sunshine records were obtained from the weather 
station in Washington, D. C., about 15 miles distant. 

1 Received for publication Feb. 10, 1080; issued September, 1830. 

2 Thanks are due Prof. B. £. liivingston, director of the laboratory of plant physiology of the Johns 
Hopkins University, for assistance in planning and conducting the experiments. 
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The atinonieters were placed in the plant rows with the spheres 
from f) to 10 inches above the ground and somewhat above the foliage. 
Readings were taken daily or at longer intervals at about 7.30 a. m. 

Records of the soil-moisture content were obtained froni April 
to July, 1025, for the most part weekly.^ Cores were taken in dupli- 
cate in each of two spots about 100 feet apart in the plant rows. 
Each core was divided into three parts to represent three different 
ranges in depth, 1 to 6 inches, 6 to 12 inches, and 12 to 24 inches. 
The upper 6 inches had the lowest and the second foot the highest 
average moisture content for the period for which the records were 
taken. A marked det'rease in moisture content occurred early in June 
at the period of high temperatures, high evaporation, and high trans- 
piration rates. At no other time was the moisture supply very low, 
however, and it is not probable that the soil moisture supply at the 
Bell station was often a limiting factor in the early development of 
these plants. The moisture content for the upper 6 inches was used 
for these records. 

The sunshine records for the two years correspond closely with 
the radiation indices, but show minor differences. 

PLANT RECORDS 

In 1925 nine varieties — Howard 17, Klondike, Missionary, Dunlap, 
Parsons, New York, Aroma, Sample, and Gandy — were used in the 
experiments. These include the leading commercially grown varie- 
ties, which constitute over 80 per cent of the total strawberry acreage 
in the United States. Two varieties, Howard 17 and Klondike, were 
more thoroughly studied than the others, being taken as representa- 
tive of the northern and of the southern sorts, respectively. In 1920 
these two varieties were ^ihe only ones used in the studies. 

In 1925, 100 plants of each variety were selected for uniformity in 
size and general appearance and according to the dates when they 
rooted in 1924. On April 1 they wore set in adjoining rows, and after 
becoming established the 10 plants of each variety at one end of each 
row were chosen for special study as representative of the 100 of each 
sort. Conditions were very favorable for the growth of these plants 
in 1925, and all made satisfactory development. 

In the spring of 1926, 100-plant rows of Howard 17 and Klondike 
were set and a group of 12 plants near the north end of each row was 
selected for study. Growth was satisfactory but not as rapid in the 
early part of the season as in 1925. 

The plan to obtain plant records at intervals of one week through- 
out each of the two seasons was generally followed, although some of 
the intervals were modified in both seasons. At each observation 
each new leaf that had expanded until most of its upper surface was 
exposed was numbered and tagged. Likewise, each new runner was 
numbered and tagged, or removed if that was required by the plan. 
All leaves and runners were then measured and recorded. The plant 
records, therefore, showed the complete history of each leaf and 
runner, including the leaves that developed at the tip of each runner. 
As runner tips became ready to take root they were pegged down in 

« The soil-moisture determinations wore made by J. W. McLane, assistant biophysicist, Biophysical 
Laboratory, BuM*au of Plant Industry. ^ 
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position for rooting. In both 1925 and 192(5 somo of the selected 
plants were used for a study of their l)ehavior after runners were 
removed. For this purpose, beginning dune 17, JX, or 19 for different 
jdants and continuing to the end of tlie growing season of 1925, all 
runners were removed from 5 of the 10 ])lants of each variety. In 
1926 the runners were removed from 10 of the 12 plants, only 2 being 
allowed to form cions. 

The records included leaf measurements, runner measurements, and 
records of the position of runners. The length and breadth of each 
of the three leaflets of each leaf and the length of each runner were 
obtained with a flexible centimeter rule. The length and the breadth 
were multiplied together to give the leaf product for each leaflet, and 
the products for the three leaflets were summed to give the leaf 
product for each leaf. The sum of the leaf product of all leaves gave 
the leaf product in square centimeters for the entire plant, which is 
used as an index (7) of its leaf area. To obtain the leaf-product incre- 
ment for the interval the leaf product at the beginning of an interval 
was subtra(‘t(Hl from that obtained at the end. The mean daily incre- 
ment in leaf product for an interval was obtained by dividing the leaf- 
produ(‘t increment for the interval by the number of days in the 
interval. Finally, the mean daily percentage increment in leaf 
product for a period was calculated in two ways, as follows: (1) By 
dividing the mean daily increment for the interval by the leaf product 
obtained at the beginning of the interval and multiplying by 100 to 
give index /i ; (2 ) by dividing the mean daily increment for the interval 
by the mean leaf product for the interval and multiplying by 100 to 
give index 72. Although the plants grew vigorously, as shown by 
their indices of leaf area (7) their mean daily increment and the 
indices 7i and I 2 are relatively small. 

In these studies the mean daily percentage increment in leaf 
product for any interval {I 2 ) is taken as an index of plant activity for 
that interval. The value of this index changes throughout the season, 
and its fluctuations are very nearly the same as the fluctuations in the 
rate of production of leaf surface and in the capacity of the plant to 
produce food. Leaf production is one of the main forms of activity 
in strawberry plants and may be considered as an index of general 
activity or growth. 

Some special tests were made to determine the relation between 
these leaf-product values and actual leaf areas. Actual leaf area 
(by planimeter measurements) and leaf products were obtained for 
the same leaves of the Howard 17 variety. The results showed that 
actual leaf area was about 75 per cent of the corresponding leaf- 
product value with very slight variation. The leaf-product value for 
the entire leaf was much more satisfactory than was that for the 
terminal or for either of the lateral leaflets, and the leaf-product value 
for the terminal was more satisfactory than that of either lateral 
leaflet or that of the two laterals taken together. It was also found 
that the leaf product used in the tests was very much more satisfactory 
than any linear dimension, such as length of the leaflets. 

The three indices (7, 7i, and 72 ) for each variety and interval from 
April 1 until June 9 are set forth in Table 1. 
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Table 1. — Leaf-product indices (/, I\, and 1 2 ) for nine strawberry varieties^ 10 
plants of eachf by intervals from beginning of the growing season until about the 
beginning of runner formation^ 1925 


Variety 

Kind 
of in- 
dex 



Indices for Interval No — 



0 

1 

Apr. If) 
2i 

2 

Apr. 22- 
28 

3 

Apr. 29- 
May 5 

4 

5 

6 

May 21 - 
26 

7,8 

Apr 1- 
14 

May 6- 
12 

May 13 
20 

May 27- 
June 9 



1 J 

r»3 

91 

134 

168 

235 

397 

578 

1,091 

Howard 17„. - 


1 h 

_____ 

10 2 

6.7 

4.6 

5.7 

8.7 1 

7.6 

6.3 



1 h 


7.5 

5 4 

4.0 

4.7 

6.5 ! 

6.4 

4.4 



\ ^ 

21 

44 

81 

lO.*) 

166 

278 i 


« 874 

MisKionary - 



. . 

15.7 

12 0 

4.2 

8.3 

».() 


« 10.2 



1 /v 


10.0 

8.4 

3.7 ! 

0.4 

6.3 I 


• 5. 2 



1 1 

18 

33 

54 

68 

96 

160 


501 

Dunlap 

.. . 



11.7 

9.1 

3.7 

5.9 

9. 5 


•9.7 



1 h 


8 1 

6.8 

3.3 

4.9 

*>7.1 


<•4.7 



1 J 

27 

45 

73 

97 

159 

258 


•800 

New Yorlc 






9.6 

8.9 

4 7 

9.2 

8.9 

- 

• 9. 5 



1 h 


7.1 

6.8 

4 0 

6.9 

7.1 


•4 7 



1 J 

19 

34 

57 

72 

115 

162 


'*415 

Aroma 


1 


11. 1 

9 7 

3.7 

8 5 

5.8 


'*6 8 



1 h 1 


8.1 

; 7.1 

3. 3 

6 5 

4.9 


<* 3.8 



1 ^ 1 

19 

35 

59 

79 

. 106 

187 

’ *446 

589 

dandy . . 

_ 



12.1 

9 7 

4 9 

4.9 

10.9 

•9.7 

3 6 



1 h 


8 5 j 

7.3 

4.2 

4.2 

7.9 

•5.8 

3 1 

A verage of 

6 

f h 


11 7 

9.4 



I r , 


1 


varieties .. 


[ h 


8.2 

7.0 


1 







I 

37 

IkTi 

1 l07 


219 

342 

493 

m 

Klondike .. . 


h 


8.9 1 

! 11 2 

4.9 

7. 4 

7.0 

7 4 

7 1 



h 


6.7 1 

8.0 

4.2 

5.9 

5 4 

6.0 

4 8 



1 

24 

34 1 

59 

81 

136 

227 


• 728 

Parsons . . ... 

. 

h 



5.8 

10 6 

5.3 

9.8 

9.6 


• 10 0 



h 


4.9 

7 6 

4 5 

7 2 

7 1 


« 4 8 



1 

' ”28 ! 

50 

i 96 

118 

172 

243 

•468 

/749 

Sample 

. 

li 

1 

11 1 

13 2 

3 2 

6.5 

5.9 

•6 5 

/6.7 



h 


8.1 

9.0 

2.9 

5.3 

4.9 

• 4. 5 

/5.1 

Average of 

3 

i h 


8.6 

11.7 






varieties . 


1 /2 

... . 

6.6 

8 2 






-- - - 

Average of 

9 

/ h 



4.4 

7.4 

8.4 ! 

8.5 

8 3 

varieties ... 


1 h 



3 8 

5.8 

6.2 j 

5 7 

4.9 


“ For iutervul May 21 to June 9. For interval May 20 to June 11, 

For interval May 13 to 19. • For interval May 20 to June 2 

' For interval May 20 to June 10 / Fj^r interval June 3 to Juno 11. 


At the end of the last interval shown in Table 1 (ending June 9, 
1925), the 10 plants of each variety were divided into two groups of 
five plants each and all runners were removed from the plants of one 
group as they were produced. Measurements were discontinued at 
different times for the different varieties as shown in Table 2. 
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Table 2, — Leaf-product indices (/, /i, and 1 2 ) for nine strawberry varietieSy five 
plants of each with runners left on arid five plants of each with runners removed, 
by intervals from about the beginning of runner formation until the end of obser- 
vations, 1925 


Indices for interval No.— 



Kind 

9 

10 

I 

11 1 12 

13 

14 

16 

16 

17 

18 

Variety and grouj) 

of in* 



— ~| 


— 



— 

— ‘ 









July 


Aug. 



June 

June 

June July 

July 

July 

Jul> 

29- 

Aug 

20- 



10-16 17-2:t 

24-301 1-7 

8-14 

1.5-22 

23 28 

Aug. 

7-J9 

Sept. 





' 

, 




0 


16 

J Inward 17 












1 I 

« 1,346 

1,772 

2.323 2.885 

3, .541 

4,03.5. 4,781 

7,043 

10, 669 

*16, 551 

With runners — 

b 

" 3 2 

4 8 

4 4. 3 5 

3 2 

1 X 

3 1 

5 3 

4 0 

*2.1 


t h 

«2 2 

4 1 

3 8' 3 1 

2.9 

1 7 

2.8 

4.3 

3 ’ 

*1.6 


( / 


1,388 

1.62.3! l.HToi 2,138 

2,184 

2, 375 

2.704 

2,886 

* 4, 590 

Without runners . 

/. 


1.6 

2 6' 2 3! 2 0 

.3 

1.4 

1 7 

0..5 

*0,7 


1 h 


1. 5 

2 2 2 1 

1 X 

3 

1 3 

1 4 

.5 

* . 7 

Klondike 












( / 

1.389 

1,772 

2.409, 2.9<W: 3,682 

^4, .566 rf5, 890 


•16, 762 

* 2, 427 

With runners.. 

\ 

3. r> 

4.0 

5 11 3 3 

3 5 

^2.6 

<*4 H 


•0 8 

/2. 1 


1 h 

3 1 

3 5 

4 4, 2 9 

3 1 

••2.4 

'M 2 



*3 6 

f] 2 


( / 

059 

I. 130 

I,:i62' 1.606 

l,7Ktl 

••2, 0971 •»2, 244! . . 

•2,809 

n.77.5 

\\ ilhout runners — 


1 $ 

2 

2. 9; 2 6 

1 6 

. 1 9' •' 1 2 

• l.O 

• -0 5 


1 h 

1 6 

2 3 

2 7 2 3 

1 5 

••J 8 

0 


',8 

•~ 6 

Mmionary 




1 








( / 

1. 09r» 

1,434 

1. 909 2.5;i 







With ruiuicis 

J^ 

'4.7 

4 1 

4.7! 04 4 









1 li 

4 I 

3 8 

4 I' V.3 a 

— 

-- 



-- - 



( / 

209 

966) 

J.221U.682 







Without runners — 


2.3 

2 8 

3 8 « 2 4 

. . 




.. 



1 It 

2 t 

2 5 

3 3 2 0 







Vnnlap 












( / 

* 51 1 

• 777 

1.010i</l,9J6 







W^ith nionors 

\ h 

'•a 7 

•4.5 

4 3. vTt 6 







j 

1 h 

*3 3 

M 0 

3 7; *3 9, . 



.... 



1 

f 7 

'• .574 

' 670 

K97‘»l_ 104 







Without runners . _ . \ 

1 Ji 

* 2 9 

♦2 8 

3 4 p2. X 







1 h 

'*2 7; 

• 2 6 

4.0 «2 5 



.. . 





Parsons 1 











1 


' *842; 

•1,087 

1,.528’ 







With runners .. . . 

\ h 

' *5 2 

* 4 8 

.5.8 .... 








1 h 

* 4. 4i 

•4 2 

4.8 







1 

( ^ ‘ 

*8,53j 

•1,068 

»1,194 .... 





L , i 

i 

W’ithout runners .. 1 

{ l\ 

I m.tI 

•4.2 

3 2 





.. i 

. 


1 L 


•3.7 

2.9 . . 









New York 


1 1 


' 






1 


1 7 

, ^917' 

*1, 107 

U 43X1 

2, .567 






W ith runners 


1 '4 2 

*4. 1 

‘3 7' . 

"•3 2 




... r. 



1 h 

^3 6 

* 3. 7 

^ .3. 3, 

"•2.4 







( 1 

1 

1,075 

*1,293 

»1,452| 

« 2. 82:1 





1 

W'^lf.h^nit niTiners 

J\ 

'■ * 2 71 

*4 1 

f 1. 5, 

"• 2.C 





i 


[ h 

i2 4 

*3 7 

» l.4i 

-1.2 





1!’ 

Aroma 



f 

1 






1 


1 1 

"518 

I 










W’^ith runners ^ 

{ h 

"4. 1 

i.riL 









[ h 

"3.0 



- 


.... 

— 

1 



1 1 

"441 









Without runners. .. 

j /i 

"4.4 


.j . 




j.."./ 



1 h 

"3.8l 


: . 





r 


« Indices for all 10 plants 
^ Average of 2 plants inste 

* For interval July 15 to 23, 

^ For interval July 24 to 30. 

• For interval July 31 to Aug. 26. 

f For interval Aug. 27 to Sept. 18 and average of 2 plants 
instead of 6 plants. 

« For interval July 1 to 16. 


^ For interval June 11 to 17. 

' For interval June 18 to 23. 

» For interval June 11 to 18. 

For interval June 19 to 23. 

I For interval June 24 to July 1. 
•" For interval July 2 to 2S. 

♦» For interval June 12 to 18. 
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Table 2. — Leaf-product indices (/, /i, and I 2 ) for nine strawberry varieties, five 
plants of each with runners left on and five plants of each with runners removed, 
by intervals from about the beginning of runner formation until the end of obser- 
vations, 1 925 — Coutin ued 



Kind 

9 1 10 

Variety and group 

of in* 
dev 

June i June 
10-10! 17-23 

iSample 

( ^ 

i 

*•982 

With runners 


"46 


1 h 

«4 0 ... 


\ I 

« 7G2I 

Without runners. - . 

1 

«2. 1! 


1 h 

M 9j . . . 

Qandy 



1 ^ i 

'•7411 

With runners - 


»• 3. 3! 


1 h 

»2 9' .. 


{ J 1 

»• 787' 

Without runners. - . , 

h i 

'•3.H! 


1 \ 

♦•a 4 , 

Average of all varieties 

1 

1 ; 

W'llh ruuneis 


4 41 4 4 

1 H 7 ; 3.0 


\ 

W 1 thout ru iinors 

(J 

3 i; 2.9 
2 2. 7 


" For inUirval Juno 12 to 18. 


Indices for Interval No.— 


11 ! 12 

13 

14 

15 

10 

17 

18 

! 

1 




July 


Aug. 

June 1 July 

July 

July 

July 

29- 

Aug, 

20- 

24-30' 1-7 

i 

8-14 

16-22 

23-28 

Aug. 

6 

7-19 

Sept. 

IG 

1 

1 







.. _ 





— 


, 


- - - 

■ ■ 

-- - 

— 



-- 

* 





- 1 







1 1 

■ i 

- ; 

-- 1 

1 




1 

-- 

- i 


4- 7' 3 4 

3.4 

2 2 

[ 4 0 

r).4 

.5 3 

2 6 

4. Oj 3 0 

[ 3 0 

2 1 

3. f) 

I ^ ' 

3 3 

1 G 

2. 9' 2. .'i 

1.8 

1.2 

1 3 

1.4 

1 .8 

2 

2 Ol 2 0 

1 G 

1.1! 

1 h2 

1.2 

7 

I 


In 1926 the period of observations extended from June 26 to October 
9. The index values obtained are shown in Table 3. Two series of 
values are shown for each variety, one for the 2 plants with runners 
(these becoming cions) and the other for the 10 plants without runners. 


Table 3, — Leaf-product indices (/, /j, and 1 2 ) for two strawberry varieties, 2 
plants of each with runners left and 10 of each with runners removed, by intervals 
from about the beginning of the season of runner formation until about the end of 
the growing season, 1926 


V’^uriety and groii]) 


Howard 17 

With runners 

Without runners 

Klondike 

With runners 

Without runners 

Average 

With runners. 

Without runners 


Indices for interval No 



1 

2 

3 

4 

5 

i 

0 

Kind 







of in- 







dex 


cji 

T 

I-- 

o> 

s 

k , 

1 

bc 

t 


9*3 


>. 

S'** 


b£i 



s 

■3 

3 


3 



*-» 






871 

1 , 2G9 

1,526 

1,905 

2,610 

2,899 

\ L 

4.7 

6.5 

2^ 

3.6 

6.3 

1,6 

h 

3 7 

5.3 

2.6 

3.2 

4.5 

1.5 

I 

7.38 

1,014 

1,108 

1,307 

1,660 

1, 673 

i h 

4 3 

8.9 

1.3 

2.4 

2,7 

1.0 

1 h 
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When the intervals in Tables 1, 2, and 3 were the same for all 
varieties considered, tha average index values were derived in the 
ordinary manner; when the intervals differed so that the averajjes 
could not be obtained in the ordinary way, those for the actual in- 
tervals used were first plotted as ordinates on a graph with these 
intervals as abscissas, and the average values were read from the 
graph for the dates required. 

Because the varieties Klondike, Parsons, and Sample behaved dif- 
ferently from the remaining six for the first two intervals of 1925 
(Table 1), the averages for these intervals were determined for these 
three varieties and for the remaining six separately. The two groups 
behaved similarly throughout the summer after the first two intervals, 
and for later intervals their index values were combined in single 
averages and taken to represent both groups together. 

The data for climatic values and for leaf-product indices arc pre- 
sented in Figures 1 and 2. Figure 3 shows the appearance of a part 
of' the experimental rows in 1920 with leaves tagged and runner plants 
pegg(?(l. 

DISCUSSION 

COMPARISON OF LEAF-PRODUCT AND CLIMATIC GRAPHS 

A comparison of the plant graphs in the lower parts of Figures 
1 and 2 with the (’liniatic graphs in the upper parts of the same 
figures brings out the fact that the two sets of graphs are not generally 
in agreeinent for either season. The seasonal march of the leaf- 
product indices does not follow the march of any one of the climatic 
indices here used, but shows the influence of different (hmatic factors. 
The first two intervals of 1925 may be disregarded as being especially 
influenced by genetic difl’ereiu'cs. The second index (I 2 ) appears 
more useful than the first f/j) and is used in the discussion. 

The first elevation of the leaf-product gra])h for 1925 (intervals 
4 to 7) corresponds to temperature, evaporation, radiation, and 
sunshine-duration values from low to medium, and to high soil- 
moisture values. The second elevation (interval 16) for the cions, 
corresponds to a definite depression in the temperature graph and to 
low values of evaporation, radiation, sunshine duration, and high 
soil-moisture content. The first elevation of the leaf-product graph 
for 1926 (interval 5) corresponds to a depression in the temperature- 
maximum graph, to an elevation in the temperature-minimum graph, 
and to relative depressions in the graphs for evaporation, radiation, 
and sunshine duration. The second elevation (interval 10) cor- 
responds to medium values for temperature, evaporation, and radia- 
tion, and to a low value for sunshine duration. 

The first depression of the graph for 1925 (interval 3) corresponds 
in time to exceptionally low values for all four temperature indices 
and to relatively low values for evaporation, radiation, and sunshine 
duration, but the soil-moisture content for this interval is high. 
The broad second depression for 1925 (intervals 9 to 15) corresponds 
to high temperature values throughout, to low or medium soil- 
moisture values, to high evaporation and radiation values, and to 
medium sunshine-dwation values. 




a 

FiauKS -“Plant activity shown in terms of leaf-product indices (/#) in Klondike and Howard 17 
Strawberry plants and of their average for 1920 with corresponding climatic data 
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Fkjurk 3.— Straw]>my plants, Howard 17 (at loft) and Klondike (at right), on which growth studies 
were made in Pil’d. The jilant of Howard 17 in the immediate foreground had all runners removed 
as fast as formed, while the next plant had its runners pegged to the soil in order to induce them 
to root promptly 

The pronounced (Jepression of the leaf-product j^raphs for 1026 does 
not correspond to any of the cliinatic graphs thus far considered, hut 
it is to be reniembered that there is no soil-moisture graph for this 
season. However, an examination of the precipitation graph shows 
that this depression of the leaf-product graph represents, in time, 
the end of a long drought period, and it is safe to suppose that the 
soil-moisture values at that time were very low. 

Considering now only the plant graphs and those for average mean 
daylight temperature, some indications as to the air-temperature 
conditions that api)arently have been especially favorable or un- 
favorable for rapid leaf production may be reached. In both seasons 
high leaf-product values occur for intervals wdth daylight-tempera- 
ture values approximately betw-een 64° and 80° F., and low leaf- 
product values occur for intervals with daylight-temperature values 
of about 79° or above, and also of 68° or below. These observations, 
together with many details shown on the graphs, lead to the conclusion 
that temperature was generally the limiting factor in the production 
of leaves on the plants used in these studies. In these two seasons 
the moisture conditions were probably generally adequate, with the 
exception noted for intervals 6 and 7 of 1926, and no specific influence 
can be postulated for the conditions of evaporation, radiation, and 
sunshine duration except in those cases where temperature influence 
w^as also indicated. It may therefore be supposed that there was a 
range of daylight-temperature values from about 64° to 80° within 
which leaf production went on at high rates, whereas daylight- 
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temperature values higher or lower than this range gave character- 
istically low rates of leaf production. It is to be noted that these 
limits are not exactly the same when derived from the occurrence of 
high leaf-product values as when derived from the occurrence of low 
leaf-product values. From these results it might be concluded that 
the optimum value for the daylight mean is not far from 73° (perhaps 
between 70° and 76°). This same optimum has been derived by 
studying these graphs in several other ways, and it may be taken 
tentatively as approximately correct for the data at hand. 

Though plant activity as measured by the leaf-product method 
indicates low rates below 64° and above 80° F., it should be empha- 
sized that this applies to the plants under the conditions of this 
study. The responses might be different with the long days in 
Alaska and the varieties grown there or under imgation at high 
elevations in Western States. However, because the varieties in- 
cluded the leading sorts grown in the United States and because of 
the variety of climatic conditions encountered, it is probable that 
the activity of tops during most of the growing period responds in a 
similar manner to these temperatures in the humid regions of the 
ITnited States, Strawberries are raised successfully in the South, 
where high temperatures are often encountered during the summer, 
because there some growth can take place from time to time through- 
out the long growing season and because of the occurrence of periods 
with temperatures near the optimum in fall and spring. In the 
North the stravrberry succeeds because the temperatures are near 
the optimum during much of the summer, even though they are 
below the optimum during most of the spring and fall. 

SEASONAL MARCH OF MATURE-LEAF SIZE AS INDICATED BY MEAN LEAF PRODUC’T 

The measurement at regular intervals of each leaf on all plants 
in these studies made it possible to obtain data showing how the 
leaf size of mature leaves was related to the time of year when they 
unfolded from the bud, and to their position, whether on parent or 
runner plants; also, how the production of runner plants influenced 
mature-loaf size in the mother plants.' Four plants of the Howard 
17 variety were used for this study. Two were of the group allowed 
to produce runners and to form cions, and the other two were of 
the group from which all runners were removed. The leaves were 
classed according to the dates on which they were first observed 
unfolding from the bud. After the beginning of runner-plant forma- 
tion the data for the two plants with runners removed were separated 
from those for the two producing runner plants. In addition, the 
runner plants themselves were classed according to the dates on 
which they were first observed as plants. The data obtained from 
these leaf measurements were plotted to form the graphs shown in 
Figure 4. 

It will be noted that the graph for mother plants rises at first 
slowly then rapidly until June 10, when runner plants began to be 
formed. (Fig. 4.) After June 24, the graph for mother plants with 
runners (producing runner plants) shows a decided drop, which 
continues, except for a slight rise July 8, until the end of the period. 
The graph for mother plants with runners removed maintains its 
high leyel, rising from July 1 to July 23. For the period from the 
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beginning of observation to the beginning of runner-plant formation 
the leaves of successive loaf classes were progressively larger when 
enlargement had ceased, that is, the later they unfolded from the 
bud the larger they became. When runners were removed as they 
formed, thus preventing the formation of runner plants and the 
presumable corresponding drain on the mother plant, the leaves of 
later leaf classes became even larger. But when runner plants were 
allowed to form, the period of runner-plant formation was char- 
acterized by smaller mature leaves on the mother plant. The 
greatest mean leaf product is for the leaf class of August 7, and its 
value is 160, which is more than four times as great as the corre- 
sponding mean for leaves of the first leaf class (April 15) which had 
passed the winter in the buds. For the mother plants that were 



Figure 4.— Ciraph showing (for plants of Howard 17) average size of mature leaves (leaf product) 
for eiK'h leaf (jlass. For mother plants before runner plants began to be formed (broad line before 
June 10); for mother plants with runners removed (broad line after June 10); and for mother 
plants forming runner plants (narrow line), as well as for runner plants of eaeJi runner-plant, 
class (broken lines). Abscissas represent leaf classes (designated by date on which leaves un- 
folded from bud) and mnner-plant classes (designated by date on which runner plants were 
formed), ordinates are the average leaf products 

allowed to produce runner plants the leaves of the leaf class of August 
7 gave a mean leaf product of only 95 when enlargement ceased. 
Thus, the removal of runners had increased the mean leaf product 
for this leaf class by more than 50 per cent. 

Turning to the graphs (fig. 4) for mean leaf products of leaves on 
runner plants, it may be noted that the first leaf class in each runner- 
plant class gave a mean leaf product of the same general order of 
magnitude as that given by leaves of the first three or four leaf classes 
of the mother plants, and this seems to be true without reference to 
the runner-plant class. That is, the first leaves produced by a runner 
plant apparently attained about the same size when mature, whether 
the plant took root June 10 or August 7 or at any intervening time, 
and the size attained was practically the same as that reached by 
mother-plant leaves that unfolded at the beginning of the season. 

30240~ao i 
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This relation is especially striking when it is recalled that the environ- 
mental conditions of early spring differed greatly from those of mid- 
summer. 

Furthermore, the graphs for successive runner-plant classes closely 
resemble in shape the graph for the parent plants before runner plants 
began to form. For any runner-plant class the graph slopes upward, 
at first slowly and then more rapidly. In the first three runner- 
plant classes (June 10 and 24 and July 1) a maximum in mature-leaf 
size is shown for the leaves of the leaf class of August 7, just as in the 
case of the leaves of the mother plants from which runners were 
removed. The actual maximum leaf products for the first two runner- 
plant classes (June 10 and 24) are much smaller (129 and 127) than 
the corresponding value for the plants with runners removed (160), 
but much greater than that for the mother plants producing runner 
plants (95). The maximum for the third runner-plant class (eTuly 1) is 
smaller, but still greater than the mother-plant value just mentioned. 
The succeeding five runner-plant classes each gave progressively larger 
mature leaves with successive leaf classes, but apparently the growing 
season was not long enough to allow the graphs of these runner-plant 
classes to show maxima. At any rate, for these last five runner-plant 
classes, leaves of the leaf class of August 20 gave higher mean leaf 
products at maturity than did those of the leaf class of August 7. 

It seems to be indicated that under the conditions of this test, with 
apparently ample moisture, the size of a runner-plant leaf at maturity 
was determined largely by the age of the runner plant at the time the 
leaf unfolded, rather than by the special environmental conditions 
prevailing either at the time the runner plant rooted, at the time the 
leaf unfolded, or during the period of enlargement of the leaf. 

From the results of this study of mature-leaf size the following 
picture of some aspects of the development of the strawberry plants 
dealt with may be tentatively presented. The early developmental 
stages of the spring-set plant consist in a rapid enlargement of the 
leaf and root systems by which the rate of net income in all necessary 
materials is rapidly increased ; enlargement of. leaf and root systeins 
and the general maintenance of health cost the plant a consi^ierable 
quantity of essential materials, but the increased income more than 
offsets these costs from a very early period of development. A larger 
root system results in a more rapid supply of w ater and salts from the 
soil, and a larger leaf system results in a more rapid production of the 
products of photosynthesis. Leaves that unfold later are therefore 
better supplied with needed materials than are those that unfold 
earlier. The later ones should therefore approach the genetic maxi- 
mum leaf size for the variety considered. But the production of 
runners and runner plants soon begins, and these are more active in 
growth than the crown of the parent plant, apparently actually 
decreasing its supply df necessary materials and limiting the enlarge- 
ment of leaves that unfold from the crown after runner formation has 
set in. For a time the runner plant seems to hold the advantage, and 
its leaves become larger than those contemporaneously developed 
from the crown, thus approaching the maximum leaf size for the given 
variety. In its early stages of development the runner plant receives 
from the parent crown relatively large quantities of water, salts, and 
the products of photosynthesis. It soon forms, in addition, large 
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quantities of the products in its own rapidly enlarging leaf system, 
and derives additional water and salts through its own root system, 
especially since its roots enter regions of soil not previously explored 
by the roots of the parent plant. 

In turn, the runners and runner plants produced by the first runner 
plants to be formed from a mother plant may indirectly affect the 
mother plant itself to some extent, and their relations to the first 
runner plants are in general the same as those that obtain between 
the original crowm and the first runner plants. 

LONGEVITY OF LEAVES AS RELATED TO TIME OF UNFOLDING 

Although the strawberry is an evergreen plant, at the Bell station its 
individual leaves do not live oven throughout the growing season. 
The first leaves to die are those that passed the winter in the expanded 
mature condition and the next are those that were partially deveioped 
in the preceding fall and passed the winter in the bud. Leaves pro- 
duced entirely in the spring live longer than either overwintering kind. 

To study the relative length of life of leaves that unfold at different 
times in the growing season, data derived from the five plants of the 
Howard 17 variety wdth runners removed wore employed. The loaves 
were serially numbered, the length of life was determined for each leaf, 
and the resulting values were grouped by leaf classes and by length of 
life in each class. These data include 12 leaf classes from April 15 to 
duly 8, 1925, for all five plants grouped together. Each class includes 
all leaves first observed as unfolded on the date representing their 
class. In any leaf class there >vas considerable variability in leaf 
longevity, but all leaves of each of the first seven classes (April 15 to 
May 27) were observed to have died by August 6. Some leaves in 
each of the later classes were still alive on August 1 0 when observations 
on time of death were discontinued. 

The results obtained are presented in Figure 5. Approximate 
dates of unfolding and of death are shown as abscissas, and the serial 
numbers of the 118 loaves that wore studied are showui as ordinates. 
The height of the shaded blocks at the left-hand end indicates the 
serial numbers of the leaves and consequently the total number in 
each leaf class. Each block is bounded at the right by a stepped line 
the vertical portions of which show^ the approximate dates of death 
of the corresponding leaves. The low^est serial leaf numbers in each 
class refer to the shortest lived leaves of the class. For example, 10 
loaves were observed as unfolded on April 15, and these are serially 
numbered from 1 to 10; therefore the leaf class of April 15 included 
loaves Nos. 1 to 10. Eight of these (Nos. 1 to 8) were recorded as dead 
on June 10 and the remaining two (Nos. 9 and 10) on June 17. The 
second leaf class included six leaves (Nos. 11 to 16). Of these, one 
died June 10, three June 17, one June 24, and the remaining one July 1. 
The blocks for later leaf classes may be interpreted in a similar manner 
by reference to the marginal scales. Of the 118 leaves studied, 87 
had died by August 19. Their length of life ranged from 21 to 77 
days and averaged 56 days. It may therefore be said that the mean 
or normal longevity of these summer leaves was nearly two months. 

In a general way the leaves died in sequence, those of the earlier 
classes dying first; but exceptions will be noted, doubtless owing to 
peculiar conditions operating in these cases. It is not possible to state 
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just why some leaves of a given class died before others of tlae same 
class. Leaf-spot diseases (caused by infection by Macrospirella or 
Dendrophoma) may have been a contributing factor, but general 
observation led to the conclusion that infection was not generally 
important in determining the dates of death of an infected leaf. 
Infection was not usually observed until the leaves were mature or past 
maturity. Old leaves may have offered exceptionally favorable condi- 
tions for infection. The appearance of these leaf spots almost exclu- 
sively on older leaves can hardly be related to a more or less fixed 
period necessary for the preliminary development of the fungus 
within the tissues, for other varieties susceptible to these diseases 
showed severe injury within a few days after the leaves unfolded. 



FKitiii. 5 Lenjitli of life of all leaves iirodiired by five plants of the Howard 17 .strawberry with 
runners removed, from April 1 to July 8, 1925 

COMPARISON OF VARIETIES WITH RESPECT TO NET LEAP PRODUCTION 

Seven different varieties were compared with respect to the seasonal 
march of the value of the average total leaf product per plant, and the 
results are shown graphically in Figure 6, the data for which are de- 
rived from Tables 1 and 2. Ten plants of each variety, together with 
their rtmner plants, were used in obtaining the average values. The 
scale of values of the average total leaf product per plant is shown at 
the left, and the progress of the season (from April 15 to July 1, 1925) 
is shown by points and dates along the base line. 

For all varieties development is seen to have been slow until about 
May 13, after which net leaf production was more rapid. In general 
the relative position of the several lines remains the same throughout 
their course; varieties with larger values at the be ginning of this 
period had larger values throughout, for there is little crossmg of the 
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lines of the figures. The most active variety was Howard 17 and the 
least active was Aroma. The latter generally makes but poor growth 
on the sandy soil of Bell station. 

COMPARISON OP NET LEAP PRODUCTION IN PLANTS WITH RUNNERS REMOVED 
AND WITH RUNNERS LEFT ON AND ALLOWED TO ROOT 

The seasonal inarch of the average valiH* of the total leaf product 
per plant was studied for the period from April 15 to August 20, 1925, 
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those from which runners were removed as formed. In this figure 
are shown also narrow-line graphs for the minimum value of the leaf 
product and for the maximum value corresponding to the two main 
graphs. These minimum and maximum values are not shown in 
Tables 1 and 2, but have been calculated from the original observational 
data. 

It is seen that the average rate was slow till about May 13, after 
which it was more rapid but nearly unifonn to the end of the period 
in the case of the runnerless plants, but only until about July 1 for 
the plants that were allowed to produce runner plants. After about 
July 15 the average graph for the latter group of plants descends 
slightly and then remains nearly horizontal to August 20, when these 
observations were discontinued. It is thus again indicated that the 
vigor of the parent plant was greatly increased by the removal of the 
runners as they appeared. In other words, the production of runners 
and runner plants limits the growth vigor of the parent plant through- 



out the latter part of the season. On August 20 the average value of 
the total leaf product per plant of the plants without runners was 
nearly twice as great as that of the plants with runners. 

It is to be noted, however, that the maximum deviation from the 
average is greater for the plants with runners removed than for the 
others, and that this difference becomes greater with the advance of 
the season. 

COMPARISON op NET MEAN DAILY INCREMENTS OF MEAN LEAF-PRODUCT VALUES 
FOR PLANTS WITH RUNNERS REMOVED AND WITH RUNNERS RETAINED 

The seasonal fluctuations in the value of the mean daily increment 
of leaf production were determined in terms of the corresponding leaf- 
product increments for the period from April 1 to August 20, 1925. 
The data for these daily increments were derived from those given in 
Tables 1 and 2 for the plants of Howard 17. Ten plants were used 
before June 17, after which five plants with runners were used and five 
jvith runners removed. The results are presented in Figure 8. 
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For the first four intervals (April 1 to May 6) the value of the daily 
increment was about five, or nearly constant. For the next four 
intervals (May 6 to June 10) it increased until a maximum of 34 was 
reached for the last of those four intervals. From the interval begin- 
ning June 17 to that beginning July 15 the plants with runners removed 
showed steadily decreasing increment values until these values became 
negative (indicating net losses of leaf area) for the intervals beginning 
July 8 and July 15. These plants showed small positive values for the 
next two intervals and a small negative value for the interval begin- 
ning August 7. 

The plants with runners gave positive increment values for all 
intervals, with much fluctuation. The values are exceptionally low for 
the intervals beginning July 15 and August 7. 



Fkjuhe 8.--' Mean daily increments of the average value of the total leaf product per plant for each 
ob.servutioual interval from April I to August 20, 1925, Before June 17, 10 plants were employed; 
for the rest of the t>eriod 5 plants without runners and 5 with runners were used, the two sets 
being treated .seiiarately 

COMPARISON OF AVERAGE TOTAL LEAF-PRODUCT VALUES FOR CLONS WITH 
CORRESPONDING VALUES FOR THEIR MOTHER PLANTS 

For the five cions of the Howard 17 variety in 1925 the seasonal 
inarch of the total leaf surface per entire cion was compared wdth the 
corresponding march of the total leaf surface per mother plant in the 
cion, leaf-product values being used as indicators of leaf surface. The 
results are shown in Figure 9. The deviation from the average is 
seen to be small throughout the period, becoming larger for the later 
dates. The graph of the averages for mother plants alone is not far 
from the horizontal line for 1,500, showing again that the production 
of runner plants soon put a stop to the regular increase in net leaf 
surface of mother plants that was manifest for the first three intervals 
considered, beginning May 13, 21, and 27. The lined area between 
the two average graphs represents for each interval the portion of the 
total leaf product per cion that was due to leaves borne by the runner 
plants of the cion. 

By July 8 the total leaf area of the runner plants of a cion nearly 
equaled that of the mother plant, and by August 20 the runner-plant 
portion of the clonal leaf area w^as nearly seven times as great as the 
mother-plant portion. 
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SUMMARY 

This paper reports some of the results of a series of field studies on 
the relations between the growth of strawberry plants and the cli- 
matic conditions throughout the growing season. As an index of 
growth the leaf product (which is the sum of the products of the 
length and breadth for all leaflets on the plant) was used, and this 
was found to be a better growth-index than the leaf product for the 
terminal or for either of the lateral leaflets or for any linear dimension. 



Figure - Seasonal march of total leaf area per cion (as indicated by values of the total leaf product 
per cion) for five cions of Howard 17 variety, season of 1926; also the corresponding graph of the 
average total leaf product for the mother plant. The shaded area represents the runner-plant 
portion of the average total leaf product per cion at each time of observation 

Measurements wore taken at intervals, generally of one week, and 
seasonal graphs were constructed to represent the inarch of the leaf- 
product index throughout the season. Some of the climatic condi- 
tions were measured at like intervals, and graphs for these were also 
constructed. 

A comparative study of these graphs with special reference to 
periods of high and low rates of leaf production leads to the conclusion 
that for the seasons 1925 and 1926 the limiting factor in the growth 
of the plants was generally temperature. In one instance, however, 
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low growth rates appear to have been due to drought. The tempera- 
ture relations are considered in some detail, and the conclusion is 
reached that these data indicate high growth rates for average mean 
daylight air temperatures from about 68° to about 79° F., while day- 
ligiit-temperature values above or below this range were generally 
acjcompanied by much lower rates of leaf production. These con- 
siderations lead to the approximation of a daylight-temperature opti- 
mum of about 73°. 

It is emphasized that the results of these studies are to be regarded 
as valid only for the partuMilar plants and seasonal and other environ- 
mental conditions that were involved in this work, and no generaliza- 
tions are attempted. 

Attention is called to the sea.sonal march of average mature-leaf 
size on spring-set plants with a seasonal maximum in June. Follow- 
ing the maximum, plants producing runners showed a decline in the 
size of their mature leaves for the remainder of the season, whereas 
plants with runners removed showed no such decline. This seasonal 
march for runner plants also showed an initial minimum, a later maxi- 
mum, and a final decline. For the Howard 17 variety the average 
length of life of plants that unfolded between April 1 and July 8, 1925, 
was 56 days, with a range from 21 to 77 days. In general, the leaves 
died in seciuence, those unfolding first being the first to die. 

Plants allowed to produce runners showed a gradual increase in 
total leaf product until about July 8, after which this measure of leaf 
area decreased, but only to a slight extent for the rest of the period. 
By July 8 the total leaf product of the runner plants produced equaled 
tliat of the mother plants, and by August 20 it was about seven times 
as great. 

V A comparison of the seasonal march of the value of the average 
total leaf product per plant for 1925 for seven varieties shows that 
Howard 17 was the most active and Aroma the least active variety. 
Net leaf production by plants wdth runners removed was compared 
with that by plants with runners left on and allowed to root. The 
vigor of the parent plant w^as greatly increased by the removal of 
runners as they appeared, but the maximum deviation from the aver- 
age w^as greater for these plants than for those that produced runner 
plants. A similar comparison was made between the mean daily 
increment values of total leaf product for the same plants. For 
plants wdth runners removed these values w^ere all positive, although 
with jiiuch fluctuation; whereas for the plants producing runners they 
were generally much smaller and were actually negative (indicating a 
net loss) for 3 of the 17 periods. 




A STUDY OF SOME UNPRODUCTIVE CHERRY TREES 
IN CALIFORNIA' 

Hy C. F. Kin MAN 

Foniologist, Office of HorlicuUural Crops mid Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

Observations made in C^alifornia over a period of yeai’s have dis- 
closed an interesting })roblem regarding unproductive cherry trees. 
An occasional tree, or portion of a tree, has been found that produces 
])ractically no fruit, yet branches of the same tree, or other trees of 
the same variety standing beside it, have been consistently prolific. 
The behavior of these unproductive trees suggests the presence of a 
virus disease such as mosaic, but the results of the studies thus far 
conducted indicate that from a commercial standpoint they may be 
treated as a result of bud variation. The Black Tartarian is the only 
variety of cheriy widely grown in California in which the occurrence 
of this improductive strain is frequent. In orchards of this variety 
it is common to tind 1 tree in 10 made up entirely or largely of the 
unfruitful type of wood, and much higher percentages have been 
noted. Occasional trees of the Bing, Lambert, Black Eagle, and other 
varietit^s have been found with leaves much like those of the un- 
productive Black Tartarian. Affected trees of these varieties have 
been found bearing considerable fruit, but it is misshapen and not 
marketable. 

The conditions under which the productive and unfruitful Black 
Tartarian trees are growing appear to be identical, and in some in- 
stances the two types of trees are so close together that their branches 
overlap. (Fig. 1.) Trapes of the unproductive strain have been 
found in all the orchards in central California where a search for them 
has been made, and they have also been found in southern California 
and northern Oregon. Not all cherry-growing localities in these 
latter districts have been searched carefully for affected trees. 

The presence of 7 trees that were made up entirely or almost entirely 
of unproductive branches was recorded in one orchard in 1924, 17 
in another orchard in 1925, and an additional 94 in a third orchard in 
1926. In these orchards there are, respectively, 200, 190, and 980 
trees of the Black Tartarian variety. A number of the trees that 
failed to fruit had been top grafted or removed from the first-mentioned 
orchard before these records were made. Many trees of the same type 
have been observed in other orchards. None of the affected trees or 
branches examined have improved and become productive, although 
the condition has become more noticeable on some trees with the 
growth of the affected branches. 
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LEAF SYMPTOMS 

The shape and color of leaves on the unproductive trees differ 
from those on produ(‘.tive trees, the blossoms are defective, and many 
blossom buds fail to open. ‘‘Curly leaf trees,” “wild trees,” and “male 
trees” are terms frequently used by growers to describe the unfruitful 
strain. The leaves produced by these trees have large or small areas 
that are somewhat dwarfed, and this dwarfed condition sometimes 
causes pockets or drawn places in the leaves which give them a wrin- 
kled appearance. To one familiar with theseirregiilarities, the affected 
leaves present an unnatural appearance even from a distance of two 
tree spa(‘.es. Affected leaves are distinctive in shape. (Fig. 2.) 
The margins are very irregular, due to the lack of development of 



FmuRE l.~ Productive (ri^ht and left) and unproductive {(renter) Black Tartarian cherry trees. 
All three of the trees are of the same uRe and have been given the same treatment 


some part of the leaf. This dwarfing may affect the end or part of 
the end of the leaf, the side or part of the side, or the entire leaf. 
The dwarfing may vary considerably in severity in different parts 
of the leaf. The dwarfed places range in size from small spots to 
areas that include almost the entire leaf. Sometimes they appear as 
narrow strips instead of spots and extend out from the midrib. 
Many leaves have more than one, and occasionally there are several 
dwarfed places in a single leaf. Sometimes only a small segment 
of the leaf fails to develop normally, causing a notch in the margin. 
This dw^arfed condition is often more pronounced along one side of 
the leaf than the other, and sometimes one side fails almost entirely 
to develop while the other side appears to be normal. 

In color the leaves of the unproductive trees differ from those of 
the normal leaf. With the unproductive tree there is a characteristic 
mottling, as the dwarfed areas are a lighter green than the remainder 
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of the leaf. The margins of the light-green areas are not always 
well defined around the entire j3eriphery, and sometimes the spots 
fuse with one another or gradually disappear into the darker green 
portion of the leaf. These light-green areas are present when the 
leaf first unfolds in the spring, and they appear to result from the 
lack of development of chlorophyll rather than from discoloration. 
Outside the light-colored area the leaf is often a darker green than the 
nonnal Black Tartarian leaf. The two extremes of color and the 
dwarfing of the light-green areas of the leaf are sufficiently striking 
to enable an experienced observer to recognize the unproductive tree 
readily. 



FrjI’RK 2 - - Four iiialformed loaves (left) from an unproductive Hlack Tartarian cherry tree ami one 
normal loaf (i ight) from a thrifty tree in the same orchard 

The failure of the leaf, or a part of it, to reach normal size results 
in a much lower average leaf area on the unfruitful trees than on the 
normally fruitful ones. Measurements of leaves taken from a 15- 
year-old tree which has borne almost no fruit and where the malfor- 
mation is thought to be about average for unproductive trees show 
that the average leaf area is only three-fourths that of a normal tree 
standing beside it. On some of the less vigorous of the unproduc- 
tive trees the leaves appear to roll more during dry weather than those 
of productive trees, while leaves of the more vigorous ones appear to 
roll less. The effect of drought on the leaves seems to be determined 
rather by the vigor of the tree than by the trouble that causes the 
abnormal develo])ment of the leaves. 

The extent of mottling and the irregularity in the shape of the leaf 
of the unproductive strain are sometimes less pronounced on the 
leaves of shoots that are produced during the summer than on those 
grown from the buds that open in the spring. Instances have been 
noted where leaves that grew during the summer were affected but 
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little if any, whereas all leaves of the same tree that grew early in the 
spring and in the spring following were decidedly abnormal. 

At least an occasional affected leaf was found on the majority of the 
Black Tartarian trees examined, although on many of these trees 
no other trace of the malady was apparent. Sometimes the affection 
was limited to only a few leaves or to the leaves on an occasional spur 
or branch, and in other cases it was displayed over much of the tree. 
On the so-called unproductive trees normal leaves and normal fruits 
could also be found. Some Black Tartarian trees appeared to be 
entirely free from the off-type leaves. 

GROWTH AND BLOSSOMING 

In orchards where observations have been made, including those 
not yet in bearing and others up to more than 20 years of age, there 
appears to be no difference in the rate of growth between the normal 
and the unproductive trees. Trees of both types standing side by 
side have been observed, but no consistent difference in size of trees of 



Figure 3 —Exposed pistils of blossom clusters of productive (one at right) and unproductive 
Black Tartarian cherry trees 

the same age has been noted. Occasionally a tree of the unproductive 
strain is larger than its neighbor, and sometimes smaller, but usually 
it is about the sarne size, in one orchard, which contains 190 trees of 
the Black Tartarian variety, the largest tree is made up mostly of 
affected branches. 

The unfruitfulness of the trees under discussion is not due to their 
failure to blossom, for they bloom profusely and at the same time as 
the productive trees. Many of the blossoms are defective, however, 
and smaller than those' of normal trees. The peduncles are short, the 
petals small, and the pistils short and slender with a tendency to dis- 
color early. ^ Many of the pistils fail almost entirely to make any 
powth. (Fig. 3.) Among the discolored pistils some turn brown 
before the blossoms open, some soon afterwards, while some retain 
their normal color for a few days. Now and then a pistil is observed 
that appears to develop like those on fniitful trees. An occasional 
fruit is found on unproductive trees, but it is small, rough, and ill 
shaped. (Fig. 4.) 
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Although the unfruitful trees blossom profusely, some of the 
blossom buds that are formed fail to open. The buds at and near the 
terminals of spurs and shoots produce their blossoms, while those 
nearest the base of the previous yearns growth often fail to open fully. 
(Fig. 5.) These buds usually swell but stop growth about the time 
the scales open and the green-bud clusters appear. The swollen buds 
turn brown and become dry, but often remain in place on the shoot 
or spur for several weeks. 

SOIL AND CULTURAL CONDITION? 

In some orchards where unproductive trees have been under obser- 
vation there is considerable variation in thrift and production among 
the trees due to soil or cultural conditions, but in none of the cases 
observed can the peculiarities of the unproductive trees be attributed 
to these causes. In some orchards the accumulation of soil moisture 
during part of the year is responsible for considerable variation in the 



Fkjurk 4.— Clusters of cherries from normal (left) and uni>rc>ductive (two at right) Black Tar- 
tarian cherry trees 

thrift of the trees. In these orchards a stratnni of hardpan underlies 
the surface soil at a depth of from 2 to several feet, preventing a free 
filtration of water. This results in an accumulation of soil moisture 
during the winter months when rainfall is usually plentiful, and 
occasionally also after summer irrigations. In these places where 
conditions for growth are unfavorame some trees have died, others 
have made but little growth, and the yield of fruit and size of leaves 
have been below normal. The peculiarities of the unproductive trees 
under discussion are not, however, such as are found in these wet 
places, nor are they the symptoms commonly found in soils unsuitable 
to root growth. Trees of the unproductive strain are not more numer- 
ous in such places than where satisfactory conditions for growth prevail. 

In a study of the distribution of unproductive trees throughout the 
orchards there was no indication that the local environment was 
responsible for their behavior. A few of these trees were found more 
or less grouped in different parts of the orchards, but as frequently 
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they were scattered singly over large orchards. In some orchards 
only an occasional unproductive tree was found; in others they were 
numerous. 

In a few of the orchards under observation a number of trees have 
been injured to such an extent by the application of stable manure 
that many of their branches have died. The annual growth on these 
trees has been very short, and the leaves are small. Many of the 
leaves on the upper and outer branches are light-green or yellowish 
in color. The unthrifty appearance of these trees differs, however, 
from that of the unproductive strain, and none of the abnormal 
characteristics of the unfruitful trees are found on those injured by 
the manure. Some of the unproductive trees studied are in orchards 
that have been given manure, and others are in orchards that have 
received none. 



Figure 5.— A branch of an unproductive Black Tartarian cherry tree on which the flower buds 
below the terminals of the shoots and spurs failed to open 

EFFECT OF TOP GRAFTING AND BUDDING 

A number of trees of the unproductive strain which were recog- 
nized by growers have been either removed or top grafted with scions 
from productive trees, both of the Black Tartarian and of other 
varieties. This explains why there are not more of them found in 
some Black Tartarian orchards. In all instances observed the new 
tree tops which followed grafting have been normally productive 
and free from any of the malformation of leaves, blossoms, or fruit 
common to the olf-tj^pe trees. Where shoots have been allowed to 
grow from the portion of the branches that remained after the tree 
was headed back for grafting, the leaves produced by them have 
manifested the same irregularities in shape and color that were found 
on the tree before it was headed back, although the growth from the 
scions has been healthy and productive. Shoots which grow from 
recently feut-back unproductive trees make a rampant growth, and 
their leaves develop to a large size, but this has not prevented the 
development of the characteristics of the unproductive tree in them. 
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For oxi)eriniontal purposes a few trees of the unproductive strain of 
the Black Tartarian variety were top grafted in 1928 with scions from 
both productive and unproductive Black Tartarian trees, both types 
of scions being inserted into the same tree. Several branch stubs in 
each of a number of trees were grafted in this way. As the scions 
grow all those from the productive trees produced normal leaves, 
and all those from the unproductive trees displayed the same charac- 
teristics as the tree from which they were taken. Neither in their 
first nor second yearns growth have the leaves of any of the scions 
changed in their habit of growth, but they are the same in appearance 
as those of the parent trees. 

In the spring of 1929 the scions from productive trees produced 
numerous blossoms, all of which appeared to be normal and set fruit 
of normal shape which grew to maturity. Many of the flower buds 
of the scions from the unproductive trees failed to open, and many of 
the blossoms which opened were small, had short unthrifty pistils, 
and' none of them set fruit. A number of branches were allowed to 
remain on the top-grafted tree when its branches were cut back for 
grafting; and as the trees were headed back at a height of about 5 feet, 
numerous small branches and spui^s are still growung on the stock 
portion of the tree. Neither the pruning done in heading the tree 
back nor the top grafting has affected the habits of these remaining 
bramdies. They are unproductive, and the leaves and blossoms are 
of the sam(‘ unthrifty type as those produced before the branches 
were headed. 

Attempts were made to transmit the faults of the unproductive 
strain by budding. Buds from this strain of Black Tartarian were 
inserted in nui*sery seedlings in the spring of 1928. The growth from 
these buds exhibited the same faults as the trees from which the buds 
were taken, while that on the check trees was nonnal. 

UNSUCCESSFUL ATTEMPTS AT.TRANSMISSION BY OTHER MEANS 

Efforts to transmit by other means the abnormal development in 
unfruitful trees have been unsuccessful. Branches of fruitful and 
unfruitful trees growing side by side have been fastened together in 
such a way that the leaves would rub one another as the branches 
were moved by the wund; juice from affected leaves of diftorent ages 
has been expressed and immediately applied to healthy leaves of dif- 
ferent ages, some of which had been pierced and some just slightly 
scratched to break the epidermis; healthy and affected leaves ()n 
adjoining branches have been pinned together and left remaining 
on these branches; but no indication has been observed that any of 
the leaf symptoms that accompany unproductiveness have been 
transmitted. 

A number of instances where fruitful and unproductive branches are 
growing side by side on the same tree have been under observation for 
three successive years, (Fig. 6.) During this period the performance 
of none of the branches has changed. The unproductive branches, 
with their unthrifty leaves, have remained the same, while the pro- 
ductive branches have been healthy and prolific. There is no indi- 
cation that the position of the branches on the tree influences their 
behavior. 

10240—80 5 
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The occurrence and prevalence of off-type leaves and unfruitful 
branches in the varieties of cherries studied resembles the condition 
found in some of the common variegated plants on which occasional 
normal leaves, twigs, and branches occur. 



FiotJiRK 6.— Unproductive (left) and productive (right) branches growing side by side (m the same 

Black Tartarian cnerry tree 

PREVENTIVE AND REMEDIAL MEASURES 


From the observations thus far made it appears that the unpro- 
ductive trees are a strain of a variety that has resulted from the propa- 
gation of “ sporting branches or variegations/^ and if such is the 
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cast*, till' trouble may be evaded by eare in the choice of propajjating 
wood. Since the irregularities in the leaves are less noticeable in the 
fall than earlier in the season, and leaves of shoots that are produced 
during the summer often display only a trace of the trouble, the loca- 
tion and labeling of propagating wood may be most surely and easily 
done before the fruit is harvested. 

Whatever may be the cause of the trouble that results in the failure 
of the trees to fruit, the removal, by pruning, of atfected branches and 
by top grafting where the entire tree or a considerable portion of it is 
affected are effective remedial measures. The selection of propagating 
wood from productive trees appears to be a satisfactory preventive 
measure. 




THE EFFECT OF HYDROGEN-ION CONCENTRATION ON 
THE TOXICITY OF NICOTINE, PYRIDINE, AND METHYL- 
PYRROLIDINE TO MOSQUITO LARVAE ' 

By Chaiiles H. Richahdson,'^ Eniomolnghi^ and Hakold H. Shepard, Asnifilani 
Entomologist, Division of Dead no us- Fruit Insects^ Bureau of Enlomologi/j United 
States Department of Agriculture 

INTRODUCTION 

Previous investigations ot the toxicity to insects of nicotine in 
aqueous solution have involved principally a study of the effects of 
its application as a spray or dip. The solutions employed have gener- 
ally contained nicotine sulphate and soap or other alkaline substance, 
the purpose of the latter being to increase the wetting and spreading 
properties of the liquid and to convert the nicotine salt into the uncv)in- 
bined, volatile base. Aft<'r the application, the insect is in contact 
with continuously varying quantities of nicotine in solution and nico- 
tine gas as evaporation of the alkaloid and water progresses. Under 
these conditions the toxic effect of nicotine has been explained as the 
result of its entrance in the gaseous state through the spiracles into 
the tracheal system of the insect. 

In addition to the variable concentration, the results of treating 
insects by the method just mentioned are complicated by the presence 
of the alkaloid in three conditions, viz, as gas molecuh^s, as molecules 
in solution, and as ions. It seemed probable that additional light 
could be thrown upon the nature of the effect of nicotine upon insects 
if gaseous nicotine could be eliminated, leaving only the molecules and 
ions in solution to act u])on them. Then, by varying the hydrogen-ion 
concentration, the insects could be subjected to solutions differing 
widely in relative content of dissolved molecules and ions. 

Accordingly, an acpiatic insect, the larva of the house mosquito 
(Oulex pi plenty L.) was chosen for the purpose and proved to be an 
e.xcellent test insect. 

EXPERIMENTAL PROCEDURE 

MATERIALS AND METHODS 

The moscjuito larvae were reared in a greenhouse in battery jars 
15 cm. in diameter. Each of the jars contained approximately 3 
liters of tap water in which a cpiantity of soil and decayed leaves 
Was suspended. Within 24 hours most of the solid matter fell to 
the bottom of the jars, leaving a solution rich in food for the larvae. 
Female mosquitoes entered the greenhouse on warm nights and 
oviposited freely on the surface of the water in the jars. Each 
morning the egg boats were (collected and distributed among the 
jars so that each would contain the desired number of larvae of 
about the same age. The experiments extended from July 1 to 
November 1, 1927, 
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All nicotine solutions used were made up to the desired molar 
concentration by diluting 96 i)er cent nicotine with distilled water. 
The solutions of ni(‘otine sulphate and nicotine hydro(‘hloride were 
adjusted to the desired hydrogen-ion concentration with 0.1 normal 
sulphuric or 0.1 normal hydrochloric acid solutions, respectively, 
and then diluted. The pH values were determined coloriinetricaUy 
and checked by the hydrogen electrode, using a saturated calomel 
half cell, a saturated potassium chloride salt bridge, and a Clark 
shaking hydrogen electrode assembly with platinuni electrodes. 
The values obtained by the two methods agreed within about 0.1 
pH, the electrometric values always being higher. 

A group of 10 active, feeding larvae in the last instar was used 
for each experiment except the tests with 0.1 molar solutions in 
which the time of action was very short. The larvae were removed 
from the culture to a small dry beaker by means of a medicine drop- 
per with a wide orifice. The culture solution carried over with 
the larvae was then removed until not more than about 0.1 c. c. 
lemained in the beaker. Thirty-five cubic centimeters of the nico- 
tine solution at the temperature of the water bath were gently 
poured into the beaker, which was then '])laced in a water bath 
maintained at 26 11° C. A few experiments were made at slightly 
lower temperatures, but the limits for the entire series fell betwetm 
24° and 27°. The volume of the solution stated above was not 
rigidly adhered to, and sometimes was as low as 12 c. c. Since 10 
larvae of the size used in these experiments weigh about 32 mgm., 
the quantity of nicotine solution was always very large as compared 
with the mass of the larvae. 

The time to the nearest second from the immersion of the larvae 
in the nicotine solution to the time the fifth one of the 10 became 
immobile was taken as* the time of action of the particular nicotine 
concentration for 50 per cent of the larvae in ea(*h exj>erimenl. 
The action of 0.1 molar nicotine solution was so rapid that it was 
necessary to reduce the number of larvae in each experiment to 
four. 

THE PROCESS OF POISONING 

The course of poisoning of ("'ulex larvae in a nicotine solution 
re<juires some consideration at this point. In a 0.03 molar solution 
the larvae swim about for a brief period, making few excursions 
to the surface. Soon, however, they fall writhing to the bottom 
of the beaker, and at times make short, vigorous, uncoordinated 
swinuning movements. Movement gradually subsides, and the 
body then stiffens into a state of comparative immobility. This 
was chosen as the end point, and it is quite decisive to an experi- 
enced worker. Slight twitching, especially of the siphon, still 
occurs in response to gentle pressure with a needle, the dorsal heart 
continues to pulsate, and movenients of the digestive tract are 
visible through the translucent body w^all. 

The effects of other concentrations differ essentially from the one 
just described only in the time of appearance of the characteristic 
phenomena. Life continues for a long, but variable, period follow^- 
ing the beginning of this immobile stage. It is manifested by feeble 
body movement, irregular heart action, and movement of the diges- 
tive tract. Preliminary experiments have shown a certain degree 
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of recovery following tnuisference to water after the first immobile 
stag^e is reached, but a <|iiantitative study of it has not yet been 
completed. 

Theoietically a compound like nicotine may enter the body of a 
submeiged (hilex larva by at least four routes: (1 ) Through the siphon 
and thence into the tracheal system; (2) thiough the tracheal gills 
on the anal segment into the tracheal system; (3) through the cuticula 
into the tissues and blood; (4) through either the mouth or anus into 
the digestive tract. 

The siphon opening of the ('ulex larva is guarded by five petallike 
valves which are usually held tightly together when the larva is 
subnuMged but which open when the tip of the siphon is pressed 
against the surface film as the larva seeks a fresh supply of oxygen. 
Although Wesenbeig-Lund { 24 , ) ‘^ observed that the valves ar e 

not always completely closed when the normal larva is submerged 
in water, frequent observations made by the writers showed that it 
was closed when the larva was placed in the nicotirn* solution. It is 
therefcue believed that little if arry nicotine, either as gas or in solu- 
tion, enters the body through the siphon. 

Structurally, the tracheal gills appear to offer an excellent op])or- 
t unity for the passage of substances dissolved in water. However, 
no evidence' that the gills are perrneable to nicotine was obtained 
from this study. 

The chitinous (‘uticula of the larva is probably at most slowly 
permeable to nicotine. Indireid evidence of its rrnperineability to 
this (‘ornpound is furnished by experiments with (\ilex pupae, which 
survive for long periods (20 hours or more) irr nicotine solutions 
(0.008 M and 0.012 M) and may even tiansforrn to adults before 
death. The pupae have no mouth opening. In view* of the lack of 
evidence to the contrary, the wiiters believe that the toxic effects of 
nicotine in solution produced in Culex larvae are not due to the 
passage of the compound through the chitinous cuticula. 

Wherr first plac'cd in a weak solutiorr of nicotine the larva swdnrs 
about, making typical feeding movements with the rotary moutli 
brushes. As soon as the effects of the poison become apparent, the 
larva opens the mandibles widely. Under these cimditions it appears 
certain that the nicotine enters the digestive tract in quantities 
sufficient to produce toxic effects. Entrance through the anus is 
also a p(»ssibility, but evidence in support of it is lacking. 

F^'rom a consider ation of the structure of the larvae and their beha vior 
in the solutions, it is probable that nicotine enters the body chiefly 
through the mouth as molecules or ions in solution rather than as 
nrolerniles in the gaseous condition. Bodine (f) concluded that 
certain acids and mercuric chloride penetrate inosciuito larvae orally 
rather than cutaneously. 

EXPERIMENTAL RESULTS 

THE TOXICrTY OF NICOTINE AND NICOTINE SULimATE SOT.UTIONS AT VAIilOUS 

pH VALUES 

Nicotine solutions of 0.03 molar concentration, titrated with 0.1 
normal sulphuric acid solution to pH values from 2.4 to 7.0, were 
used in a series of experiments on mosquito larvae. The results are 

3 Keference is made by number ntalic) to Literature C'ile<i, p. 347. 
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summarized in Table 1, and are plotted in Figure 1 as reciprocals of 
the time in seconds to immobility of 50 per cent of the larvae. The 
toxic effect of the solutions changes at first slowly with rising pH 
value, then more abruptly, attaining a maximum for the solution of 
highest pH value, i. e., nicotine base. Similar results were obtained 
with solutions titrated to the desired pH with hydrochloiic acid 
solution (Table 1), indicating that the toxicity of the various solu- 
tions was not due to a specific action of the sulphate ion. 


Table 1 . — Toxicity of nicotine^ nicotine sulphate, and nicotine hydrochloride 
sol al ions at various pll values to the larvae of Culex pipiens in 30 groups of 10 
larvae for each test, 1027 


Comi^ound 

Molar 

concen- 

tration 

of 

nicotine 

1 

1 

pll 1 Dates of experiments 

i 

[ Mean 
seconds to 
iinmobillty 
of f 0 per 
cent of 
larvae « 

Coefficient 
of varia- 
tion * 

Nic'oliiip sulphate .. i 

0 03 

2 4 Sept. 16, 20. 

2,f*26db65 

14 7 

Do .J 

1 .03 

3 6 Sept. 17» 20.._ 

2, 122=h78 

1, 3lO±43 

20.1 

Do-- 

j .03 

5 0 Sept. 14,20 1 

17 3 

Do -1 

! .03 

7.0 Aug. 16, 17; Sept. 2D ' 

.')07dr37 

39 6 

Nicotine > 

.03 

9.7 Sept. 13, 16, 21 1 

321^16 

24.9 

Nicotine hydrochloride j 

' . 03 

3.6 Oct. 27, 28, 29 i 

1.882=h77 

22.4 

Do j 

1 .03 

6.0 Get. 4, .5, 26 j 

1 

1,303±49 

1 

19,6 


<* The values for tho erroi of the mean (<7 m) were computed from the foimula: m which a is I he 

V A 

staudyrd deviation and iVtho number of groups of larvae. 

The (‘(Hjfflcient of variation is the ratio (<r mean secionds to immobility) multiplied by 100. 

The curves for toxucity of nicotine to mosquito larvae and for the 
dissociation of nicotine are compared in Figure 1. The dissociation 
constants for a 0.01 molar solution at 15° C. and the pH values of the 
neutral and basic salts of nicotine are taken from Kolthoff {9, 10), 
Nicotineis a weak diacid base. The first dissociation constant is 7.07 X 
10“^ (pKi = 6.16); the second dissociation constant is 1.12X10"'“ 
(pK 2 =^ 10.90). The first dissociation apparently involves the nitro- 
gen of the pyrrolidine ring, the basic salt having a pH value of 5.0 
whereas the second dissociation involve^ the nitrogen of the pyridine 
ring, the pH value of tho neutral salt being 2.0. The pK value for 
pyridine, as given by Kolthoff, is 8.90. 

An inspection of Figure 1 shows a close relationship between the 
first dissociation curve for nicotine and the curve for toxicity — both 
the percentage of dissociation and the speed of toxic action, expressed 
in reciprocals of the time in seconds elapsing until the larvae become 
immobile, being plotted against pH. The second dissociation, how- 
ever, affects the shape of the toxicity curve somewhat, although to a 
very much less extent than does the first dissociation. As a result, 
in the region of the pH value of the basic salt (pH 5.b) toxicity ap- 
proaches its minimum value. 

These curves are believed to demonstrate two propositions: (1) That 
the speed of entrance of nicotine from an aqueous solution into 
Culex larvae is related to the concentration of undissociated nicotine 
base in the solution; (2) that in so far as the toxicity is concerned 
with the ionization of the nicotine molecules, it is governed largely 
by the dissociation of the pyrrolidine nitrogen. The latter state- 
ment is made on the assumption that the first dissociation of nicotine 
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must be governed by the p^^Tolidine nitrogen in the same way that 
the second dissociation is governed by the dissociation of the ])yridinc 
nitrogen. The pK value of mothylpyrrolidine has apparently not 
been determined but will probably be found to be loss than 6. 

THE TOXICITY OF NICOTINE AND NICOTINE SULPHATE SOLUTIONS AT DIFFERENT 
CONCENTRATIONS OF NICOTINE 

Nicotine solutions of 0.1, 0.03, 0.01, and 0.001 molar concentra- 
tions were each titrated to pH 5.0 with 0.1 N sulphuric acid solution 
and conijiared in toxicity with solutions of the base at the same 
molar concentrations. The results are given in Table 2 and Figure 2. 



two SOI lOvS of (lotp by suporinipOvSea graphs. The figures for the tovicd ty curve are sho>\ n at the 
left of the chart and the perci'iitages for the dissiKuation curves at the right 

The speed of toxic action of the nicotine base, expressed as the 
reciprocal of the time in seconds to immobility, follows nearly a 
straight line between the concentrations of 0.01 and 0.1 molar. In 
this range the proportion of nicotine ions falls from about 3 to less 
than 1 per cent. The increase in toxicity with increasing concentra- 
tion is therefore chiefly due to the effect of the content of uiulis- 
sociated nicotine hydroxide molecules rather than to the nicotine-ion 
content. In the solutions containing nicotine sulphate (pH 5.0), 
more than 99 per cent of the molecules are in the ionic state, and 
the speed of toxic action for them at every concentration is much 
less than for the solutions of the base having the same nicotine con- 
centration. When the ratio (seconds to immobility in the nicotine 
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Table 2.- ToxicUif of nicotine and mcotine nnlphatc notations to the larvae of 
Culex pipienn at various base concentrations 
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" The coeflicu'iiit of variation is the ratio (<r. mean soconiis to immobility) multijihod b.\ 100. 
Eatiinatod. 

sulphate to seconds to immobility in the base) is calculated for each 
^roiij) of larvae — the groups in each series of tests being arranged in 

pairs in chronological order of 



the experiments 
all of the ratios 
values between i 
nicotine base at 


the mean of 
tends tow^ard 
5 and 7; i. e., 
the concentra- 


tions used was about 5 to 7 
times more toxic than nicotine 
sulphate at pH 5.0. This result 
was obtained with individual 
larvae as well as with groups of 
10 larvae. (Table 2.) 

THE EFFECT OF SUPPRESSING THE 
IONIZATION OF NICOTINE BY THE 
ADDITION OF HYDROXYL IONS 

Since an increase in the con- 
centrlfition of unionized nicotine 
inereases the toxicity of nico- 
tine solutions, the question 
arises if toxicity can also be 
increased when the ionization 
of the nicotine base is sup- 
pressed by the addition of hydroxyl ions. However, the nicotine 
base is so slightly ionized that suppression of the ionization w^ould 
be ex;pected to yield very little additional toxicity. For instance, a 
solution containing 0,03100 mols of the nicotine base per liter theoreti- 
cally contains 0.03085 mols of imionized nicotine per liter, solutions 
of 0.01000 molar strength contain 0.00992 mols of unionized nicotine 
per liter, and those of 0.001000 molar strength contain 0.000974 mols 
of unionized mcotine per liter. When these solutions are made to 
contain O.Ol mols of sodium hydroxide per liter the ionization of 
nicotine may be said to be completely suppressed, since in any of these 


.0^ 

Fi(ri UK 2 - Comparison of tho toxicity of nicotine ami 
nicotine .sulphate (pH 5 0) to the iarxae of VuUt 
pipievsnX different inolai concentrations The tox- 
icity IS plnttoti in terms of t he i eciproeals of the time, 
7\ in seconds needed to inoduite iminobUity ot the 
larvae 
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solutions there was loss than I part in a ihousaricl of nicotine that 
remained ionized. The suppression of ionization by the sodium 
hydroxide, therefore, only affected 4.7 ))arts in a thousand in the 
(‘ase of 0.031 molar nicotine, 8.4 parts in that of 0.01 molar nicotine, 
and 20 parts in that of 0.001 molar nicotine. 

Solutions of 0.001 M, 0.01 M, and 0.03 M nicotine were made up 
to contain from 0.001 M to 0.00 M sodium hydroxide, the excess of 
hydroxyl ions hein^ suirnuent to suppress almost completely the 
ionization of the ni(*otine. The results aj*e expressed in Figure 3 as 
ratios of the time in seconds needed to bring about immobility in 
nicotine solution containing sodium hydroxide to time in seconds to 
the same effect in nicotine alone. 

Solutions of sodium hydroxide' of a concentration of 0.05 M or less 
are comparatively nontoxic to C^ilex larvae, the larvae dving only 
after exposure to 
such solutions for 
from 2 to 12 hours. 

The results with 
0,03 M and 0.001 
M nicotine show 
clearly that a fur- 
ther sup])ression of 
ionization of the 
nicotine leads to no 
significant change 
in toxie'ity, the 
ratio, 1.0, being 
closely approached 
in both cases. 

The values ob- 
tained for 0.01 M 
nicotine are, with 
the one exception 
s h o w n , 111 o r e 

irregular. 

A series of experi- 
ments in which 
barium hydroxide, 
calcium hydroxide, 
and potassium hy- 
droxide were sub- 
stituted for sodium 
hydroxide gave 
toxicity values in 
good agreement 
with those for sodium hydroxide. 

The conclusion reached may be stated as follows: In aijueous 
nicotine solutions of 0.001 M concentration or higher, the addition 
of an inorganic* base increases the concentration of unionized nicotine 
so slightly that under these conditions no increase in toxicity can be 
observed . 



FHjiTRE 3.' Relation of I ho suppression of loni/.ation of nicoline b> sodium 
h.\ drovido to the tovicit> to larvae of Culei pipiens Along the ordinate 
are indicated ratias of soeonds needed to produt*© nnrnobtlit > in the larvae 
in nieotine with sodium hydroMde to time in seconds to protluce the same 
in nieotino alone Along the abscissa are indicated mols of sodium hy- 
droxide addeil to The nicotine solutions 




344 


Journal oj Agricultural Research 


Vol. 41, No. 4 


THE TOXICITY OF PYaiDINE AND METHYLPYRROLIDINE 

Pyridine solutions of 0.03 and 0.12 molar concentrations were 
titrated to pH 5.0 and 4.9, respectively, with 0.1 normal sulphuric 
acid, and their toxicities to Chilex larvae were studied in comparison 
with solutions of pyridine base of the same concentration. A few 
experiments were also made with a small sample of methylpyrroli- 
dine,^ the (‘oncent rations being: 0.03 M, the pH values for the base 
approximately 9.(S, and for the salt (hydrochloride) 3.0. 

The results are g:iven in Table 3. They show^ clearly that these 
compounds, components of the nicotine molecule, are more toxic as 
bases than as salts. Both compounds, either as bases or salts, are 
strikingly less toxic than nicotine, indicating that the toxicity of 
nicotine results from something inherent in the combination of pyri- 
dine with methylpyrrolidine rather than in either of its components. 

Table 3. — Toxicity of pyridine and methylpyrrolidine (base and salt) to the larvae 

of Cider pipiens 
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DISCUSSION 

The idea that nicotine is more effective against insects than its 
salts seems to be an old one. In 1900, Del Guercio (f?) reported 
some experiments in which silkworms {Bomhyx inori L.) were sprayed 
with aqueous solutions of nicotine, nicotine containing alkali, and 
ni(‘()tine containing acid. No differences wr^re noticed in the effects 
produced by the solution of nicotine and the nicotine containing 
alkali, but the acidulated nicotine was less active than the other 
solutions. Vermorel and Dantony {23j p. 2S) added sodium car- 
bonate to s])ray solutions containing a nicotine salt, explaining that 
its purpose was to liberate the nicotine from the combination. They 
further stated that it has been established for a long time that free 
nicotine is more toxic than nicotine salts. Hollister (7) submerged 
bedbugs {Cirnex lectularius L.) in solutions of nicotine and nicotine 
sulphate of various concentrations, and claimed a slightly higher 
toxicity for the nicotine solutions. Mclndoo {16) published tho 
first extensive work on the action of nicotine as an insecticide. He 
concluded that nicotine spray solutions neither pass into the tracheae 
nor penetrate the integument, but that nicotine vapor enters the 
body through the tracneae and passes thence to the tissues. He 
employed solutions of nicotine ana of nicotine sulphate but reported 

* Tho sample cf methylpyrrolltiine was kmilly furnished by F. B. I^ Forge of the Insecticide Division, 
jSureati of CnoEnistiy and Soils. 



Aug 15, 1930 


Toxicity of Nicotine to Mosquito Larvae 


345 


no difference in their action on insects. Moore and Graham {17) 
compared the effect of a solution of nicotine sulphate with a nicotine 
sulphate solution rendered alkaline with sodium carbonate upon 
the aphid MacroHvphurn nanhorni Gillette, the solutions being applied 
as sprays. The nicotine solution containing sodium carbonate was 
considerably more active than the nientine sulphate solution without 
this addition. The results were held to be due to the presence of 
nicotine in volatile form in the alkaline solution. In a later paper 
{18) the same writers, confirming Mclndoo's results, showed that 
nicotine solution does not penetrate into the tracheae but that nicotine 
vapor does enter them. Dc Ong 5) sprayed and fumigated aphids 
with 0.1 per cent soluiions of nicotine sulphate of various pH values 
from G.5 to S.2. The results from the two methods of application 
were parallel, the toxicity increasing with the increase of the pH 
value of the solutions. He believes that nicotine is a tracheal rather 
than a true contact insecticide. Worthley (;25) has recently con- 
firmed previous work in showing that alkalies increase the toxicity 
of nicotine sulphate solutions. 

A few references to the relative toxic effect of nicotine as a base 
and as a salt on other animals than insects have been found in the 
literature. In 1889, Langley and Dickinson {12^ p. 4'20) noted that 
if a nicotine solution were neutralized with sulphuric acid solution 
its effect both upon nerve fibers and upon ganglion cells was lessened. 
No explanation of these observations was attempted. Moore and 
Kow (76*) studied the comparative physiological action of nicotine, 
pij)eridine, and coniine upon the frog. They found that the free 
l)ases were more active than the respective salts, 2 mgm. of basic 
nicotine being as active as 10 mpn. of nicotine hydrochloride. I)e 
Ong (o) showed that free nicotine, administered orally, was very 
much more toxic to chickens than nicotine sulphate. 

Studies on the toxicity of other alkaloids and similar compounds 
in relation to the reaction of the dissolving medium have been numer- 
ous, dating back at least as far as 1897, when Overton (7.9, p, 208) 
showed that ammonia, various amines, and many alkaloids enter 
cells readily as free bases, whereas the salts of these compounds if 
dissociated do not penetrate cells to a noticeable degree. Crane {S) 
found that the toxicity of alkaloids to Paramoecium candafuryi varied 
with the dissociation constant of the base and stated that the free, 
undissociated base is apparently responsible for the toxicity. No 
evidence of a direct action of the hydrogen ions upon the resistance 
of the cell w^as obtained. Labes (77) studied the effect of hydrogen- 
ion concentration upon the toxicity of certain alkaloids and acids to 
bacteria and frog larvae and concluded that the undissociated, lipoid- 
soluble base w as more toxifc than the lipoid-insoluble ions. Copeland 
and Notton (2) found that the action of a local anaesthetic depends 
upon the specific selective affinity of its base for nerve fibrils and that 
the different salts of these compounds vary in their action according 
to the degree of dissociation. Anaesthetic action is rektively high 
when the base is combined with a weak acid, the solution having a 
high pH value, and is relatively low wdien it is combined with a 
strong acid, the pH value then being lower. Trevan and Boock (22) 
have studied the relation of hydrogen-ion concentration to the action 
of a number of local anaesthetics on the rabbit cornea. The results 
are held to be consistent with the view^ that the free base is the only 
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active constituent of the solutions, the ions or undissociated salt 
molecules taking no ])art. 

The investigations of the writers referred to above indicate, in 
general, that nicotine base is more toxic than nicotine salt wbcn 
administered to insects as a spray or dip, and that it is more toxic to 
vertebrates as the free base wdien administered either by mouth or 
by injection. The results of studies on other alkaloids and organics 
})ases, in which a variety of organisms w'as used, are in accord with 
those on nicotine. 

The greatei* insecticidal eflect of nicotine as compared wdth nicotine 
sulphate has been attributed to the action of nicotine gas molecules 
which are able to enter and diffuse through the tracheal system. 
The present studies show, however, that the free base in acpieous 
solution may also be more toxic to insects than the salt. 

It should be noted that nicotine solutions of pH 2.4 still possess 
an appreciable toxicity although less than that of the free bavse. 
This apparently signifies that the ions are, in themselves, somewhat 
toxic, for in solutions having the concentrations of those used in this 
study ionization of the nicotine salt molecules is nearly complete. 

Although the penetration of gases into living cells is a familiar 
phenomenon (cf. Jacobs, 8, p. 183), it seems doubtful whether nicotine 
can long remain in this state wdthin the tracheal system of an insect 
because of its great affinity for water. It therefore probably enters 
the cell as molecules or ions in solution. Lillie (13, 14), working with 
certain organic acids which produce their maximum effect as undis- 
sociated molecules, holds that the acid molecules penetrate cell mem- 
branes rapidly and dissociate wdthin the cell, yielding acid ions. 
Taylor {21, p. 218), who also worked with acids, believes that the 
hydrogen ions of the acid are adsorbed into the cell membrane, and 
the electric charge on tho membrane then attracts the acid anion, 
the pair of ions gradually passing into the cell. It is not impossible 
that nicotine reacts with certain constituents of cells. The recent 
work of Petrunkin and Petrunkin {20, p. 108), in which they express 
the belief that certain alkaloids and organic bases combine with 
gelatin and brain proteins only on the alkaline side of the isoelectric 
point, are of interest in this connection. 

SUMMARY 

The toxicity of nicotine to the house moscpiito {Cvlex piplens L.) 
w as studied in aqueous solutions at various pH values. A few similar 
experiments were also made wdth pyridine and methylpyrrolidine. 

Solutions of 0.03 M concentration adjusted to pH values of 2.4, 
3.6, liX), and 7.0, with sulphuric acid and at pH 9.7 (the free base) 
showed a toxic action that increased wth increasing pH value. 
Solutions adjusted to pH 3.6 and 5.0 wdth hydrochloric acid gave 
similar results to those adjusted with sulphuric acid. 

vSolutions of 0.1 M, 0.03 M, 0.01 M, and 0.001 M concentrations were 
adjusted to pH 5.0 with sulphuric acid and compared in toxicity 
with solutions of the base of the same molar concentrations. At each 
nicotine concentration, the free base is about 5 to 7 times more toxic 
than is nicotine sulphate solution at pH 5.0. 

The addition of an inorganic hydroxide (0.05 to 0.001 N) to an 
aqueous solution of nicotine is without apparent effect upon the 
toi^icity 6t that solution. 
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Pyridino solutions of 0.03 M and 0.12 M wore about twice as to.xic 
as solutions of the same molar concentration titrated to pH 5.0 
and 4.9, respectively, with sulphuric acid. Methylpyrrolidine solu- 
tion (0.03 \1) was about 19 times more toxic than methylpyrrolidine 
hydrochloride solution of pH 3.0. 

The speed of toxic action to the larva of Cnlex pi pie ns of nicotine, 
pyridine, and methylpyrrolidine in aqueous solution is directly 
related to the concentration of the undissociated molecules. 

It is believed that toxicity results largely from the penetration of 
the molecules into the body through the wall of the alimentary tract. 
Nicotine ions are somewhat toxic but much le^ss so than nicotine 
molecules. It is also believed that the change in toxicity of a nico- 
tine solution with change in pH results largely from the dissociation 
of the pyrrolidine nitrogen. 

Previous writers have explained the greater toxicity of nicotine 
over nicotine sulphate on the basis (»f the greater volatility of the 
fornier. In this study it is shown that the free base in solution is 
also much more toxic than nicotine sulphate. 
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DIAMETER GROWTH OF LONGLEAF PINE IN WESTERN 
FLORIDA ‘ 

By J. Elton Lodewick * 

Formerly Field Assistant j Forest Products Laboratory^ Forest Service, United States 

Department of Agriculture 

INTRODUCTION 

Studies of the properties of wood show fluctuating variations that 
can be attributed only to differences in the structure of the test pieces. 
Within any one species of tree such variations result from the influ- 
ences of environmental, and perhaps inherent, factors; hence the 
departures in properties of the resultant timbers are explained by the 
effects of these factors on xylem formation . Two methods of approach 
to the problem present themselves: (1) A study of growth and struc- 
ture under such conditions that any one environmental factor may be 
regulated at will; and (2) a statistical analysis of existing stands to 
determine through correlation the effect of a given factor on growth. 
The second method has been followed in this investigation. 


LITERATURE REVIEW 


Data on the inherent factors that exert an influence on diameter 
increases in woody plants (movements of f()od materials and water, 
enzymatic activity, hereditablc cyclic activity, and the like) are so 
meager that statistical methods can not be employed in their analyses. 
Of the more potent fluctuating environmental factors, precipitation 
and air temperature are the only ones on which there are records over 
extended periods of time. Hence the influence of only these two 
factors can be considered at present. 

Precipitation has long been considered as one of the most important 
factors exerting a controlling influence on growth. Douglass (^, p, lOy 
concluded as follows : 

In a considerable number of cases, but especially in the dry-climate groups* 
this [correlation between precipitation and diameter grow^th) has been found to be 
in the neighborhood of 70 per cent, which is raised substantially by applying a 
formula to allow for some degree of moisture conservation. 

Trees grown in moist climates showed a rhythmic variation in the 
width of the annual rings of growth that corresponded to the solar 
activity. The effect of sun spots on tree growth appeared to be 
through their influence on rainfall. Shreve {17) noted a weak quali- 
tative correlation between diameter growth and annual rainfall in 
Monterey pine, and a small positive rmationship in redwood with the 
Deoember-September precipitation, indicating the beneficial influence 
of the late winter rainfall on growth in the succeeding season: Pearson 
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(14) decided that the precipitation during April and May had more 
effect on height growth in western yellow pine than did that during 
any other portion of the year. Brewster (2) was unable to find a 
definite relation between height growth in western larch and precipi- 
tation during the early growth months (April- July). Bums (5), 
working in the Vermont forests says, There can be no direct correla- 
tion between rainfall and diameter growth.’^ Conard ( 4 ) failed to 
locate a correlation in Iowa between the rate of growth of oaks and 
rainfall. Stewart (18) showed that the June-July precipitation was 
more closely related to diameter growth in oak than was the rainfall 
for the growing season. He studied the annual rin^ of growth in but 
one stump, and used records from a meteorlogical station 25 miles 
distant. Bogue (f ), working in Michigan, found that an abnormally 
small or large precipitation was indicated in the ring of the following 
year, though Robbins (1*5) could find no evidence of such a delayed 
effect. Hartig and Weber (8) noted that the annual ring in beech 
formed during a wet year was only 80 per cent of the width of the 
previous ring, while spruce in the same locality possessed a normal 
increment. 

Attempts to correlate the progression of xylem formation with tem- 
perature have not been so successful as have correlations with rainfall. 
Schwarz (16) has recorded a definite relationship between the January- 
March temperature and ring width in Finns sylvestris Linnaeus. The 
widest rings were formed in the years having a mean monthly tem- 
perature above a 22-year average, and with few 5-day periods in 
which the average temperature was below the freezing point. Con- 
versely, narrow rings were produced whenever the temperature for 
the first four calendar months was below the average and showed 
numerous 5-day periods in which the mean fell below 0° C. Nord- 
linger (13) believed that a warm moist year must favor the develop- 
ment of the ring, and that the preceding winter precipitation played 
a part. Shreve (17) ^ working with Monterey pine, summed all the 
temperatures above 40° F. and concluded that there was no correla- 
tion between the result and tree growth. He stated that ^Hhere is 
rarely justification for attributing irregularities of growth under 
natural conditions to the fluctuation of a single environmental 
condition.'' Robbins (15) found that in the red oak group ring 
width varied inversely as the sum of the mean temperatures for May 
and June, though a direct correlation with the March~June rainfall 
was also present. Stewart (18) reached no conclusions as to the 
relation between temperature and erowth. Pearson (14) noted that 
height growth in young western ydlow pines varied inversely as the 
temperature and attributed this to the effect on transpiration and 
water supply. 

EXPERIMENTAL FIELD CONDITIONS 

Longleaf pine (Finns palnstris Miller) was selected for the Forest 
Products Laboratory study presented here, partly because of its 
hi^h rating as a structural timber, and partly because the results 
might be applicable to other experiments under way. The data were 
obtained on the Choctawhatchee National Forest in western Florida, 
approximately 50 miles east of Pensacola and about 7 miles from the 
Gulf of Mexico. The particular trees examined in this investigation 
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were growing on Section 15, Range 23 West, Township 1 South 
(Tallahassee Meridian). 

This region receives an annual rainfall of about 60 inches. The 
mean for the early spring months is lower than that for the others, 
while July and August show a greater precipitation. Most of the 
rainfall during the vegetative season occurs in heavy showers over 
small areas. The growing season, as determined by the first and 
last frosts, is from early P^ebruary until late November. The vreather 
records of the Camp Pinchot ranger station, miles to the south- 
west of the trees studied, were used throughout this investigation. 

The portion of the township in which the study was conducted 
supports a rather open stand of longleaf pine {Finns palustris Miller) 
with its attendant understory of turkey oak (Ouercus cateshaei 
Michaux), post oak {0. stellata Wangenheim), blue-jack oak {Q. 
cinerea 'Michhxix) y and palmetto (Serenoa serrulata (Michaux) Hooker). 
The stand is on a poor site. The trees, which are slow in growth, 
range from 150 to 250 years of age. 

This area has an almost imperceptible slope to the east and north- 
east, and the subterranean water movements are in the same direction. 
The soil is Norfolk sand of undetermined depth and with a maximum 
capillary water-holding capacity of 8 per cent. Some of the larger 
trees had been cut at various times on this forest area prior to 1908, 
the stand has not been turpentined, and has suffered little from fire 
sin(‘e 1914, when it was acquired by the Poorest Service. The avail- 
able records show a possible light fire in 1920, and controlled burning 
to remove di^bris in 1924 and in 1926. 

Fifty-seven trees, ranging in diameter from 2 to 19 inches at breast 
height, were sele(‘ted for study. They were carefully measured and 
described in the field, and increment cores were taken at a height of 
4)iJ feet above ground from four sides, corresponding to the cardinal 
compass points. x\ll measurements of ring widths were made under 
a microscope with the aid of a mechanical stage permitting readings 
to 0.1 min. and were made continuously from the outside toward the 
center. In this way any error in measurement or computation was 
restricted to tlie half rings in which it occurred. 

RELATION BETWEEN TEMPERATURE AND WIDTH OF RING 

The investigations of tlie effect of temperature on xylem produc- 
tion in longleaf pine in w^estern Florida have led to no positive results. 
In no case was there a combination of monthly mean temperatures 
that could be considered as influencing diameter growth. vSumma- 
tions of the temperatures above 40° P". in hour-degree units show’ed 
such a close correspondence between the various years that no con- 
clusions could bo drawn from them. Shreve (17, p. 115) had found 
previously that the same conditions held for Monterey pine in the 
“equable maritime climate of Carmel, “ Calif. 

RELATION BETWEEN PRECIPITATION AND WIDTH OF RING 

A review of the literature indicates that in many localities precipita- 
tion exerts a measurable influence on ring width in trees. Conse- 
<iuently a relationship between these factors was sought. Preliminary 
investigations indicated that the xylem of longleaf pine in western 
Florida is produced from February until November, the exact duration 
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depending upon the earliness or lateness of the seasons. Following 
Douglasses method of using rainfall from the end of one vegetative 
period to the end of the next, the precipitation from November 16 
to November 15 was compared with the ring produced during that 
period. No agreement was found. An analysis of conditions in 
Florida will show that this negative result might have been expected. 
All the precipitation in this region occurs as rain, which is not stored 
in the deep, loose soil. In the vicinity of Flagstaff, Ariz., where 
Douglass worked, the precipitation during the dormant season occurs 
as snow, which is largely released as available water at the beginning 
of vegetative activity and is retained for a prolonged period in the 
heavier soil. In longleaf pine in western Florida, then, no allowance 
for appreciable storage of winter precipitation should be made. 



FiGirRE 1 .—Comparison of seasonal precipitation and average Iwidth ^of annual growth rings 

by years 


Other investigators have indicated the effect on tree growth coming 
from rainfall that occurs during the early growth months. No such 
relationship exists in the longleaf pine studied. This may also be 
attributed to the small storage capacity of the soil and as already 
stated to the somewhat lower precipitation in this region during thie 
early spring months. 

On the other hand, the precipitation occurring during the vegetative 
season does affect diameter increment, as is evident by reference to 
Figure 1. The average ring width for each of the 57 trees investi- 
gated was derived from four radii. With the exception of the years 
1920 and 1921, which are discussed later, the ring width agrees re- 
markably well with the precipitation. This can be seen best by com- 
paring the curve in Figure 1 showing actual ring width with that show- 
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ing the width as estimated from the seasonal precipitation. The 
estimation was based on an average curve in a graph in which ring 
width was plotted against precipitation during the period of March 
16 to October 15 for the years 1916 to 1927, inclusive. The other 
deviations in the two curves may easily have resulted from varying 
vegetative periods occasioned by early or late seasons, or from irregular 
seasonal distribution of the precipitation, although an inspection of 
the records does not show that the years 1924 and 1927 had excep- 
tionally uneven daily distribution of rain. There is little choice 
between the period from March 1 to October 15, inclusive, and that 
beginning 15 or even 30 days later, probably because of the effect of 
reserve foods, which is discussed later. A qualitative correlation 
between these values was obtained through the method used by Shreve 
{ 17 ), Each year in which the ring width increased or decreased with 
the precipitation was considered as a positive agreement, and when 
the two disagreed in direction it was deemed negative. In this way 
the correlation is 64 per cent using the March 1 to October 15 rainfall, 
and 73 per cent using that from March 16 to October 15 as well as 
that from April 1 to October 15. Excluding the years 1920 and 1921, 
the correlations are 78, 89, and 89 per cent. Two somewhat longer 
periods, namely, February 16 to October 15, and March 1 to October 
31, were discarded because an abundance of rainfall in late February 
and late October of certain years did not appear to have a correspond- 
ing effect on xylem formation. The foregoing data indicate that dur- 
ing the first few weeks of cambial activity sufficient soil moisture, or 
stored water within the plant, is present under the conditions of 
relatively low transpiration to allow growth to progress at approxi- 
mately its maximum rate, and that during the last few weeks growth 
is so sluggish because of inherent or external factors that it can not be 
stimulated by an additional supply of water. 

The total disagreement of precipitation and xylem production for 
1920 and 1921 (fig. 1), regardless of the period for which the precipi- 
tation was computed, is not fully explained. Records of the Forest 
Service show, however, an especially heavy seed crop for longleaf pine 
in 1920. If this phenomenon were to explain the inconsistencies 
observed in the curves, there should be some relation between the 
decrease in ring width and the number of cones borne. The Southern 
Forest Experiment Station of the United States Forest Service has 
kindly furnished data as to the number of cones produced on trees of 
different diameters during a partial seed crop in 1924. Few cones 
were found on trees up to 8 inches in diameter. The number per tree 
increased from there on up to a tree diameter of 14 inches, and then 
decreased. On the basis of this information the trees studied were 
grouped into diameter classes, and the average ring widths for each 
group are presented in Figure 2. A comparison of these graphs shows 
that decreases in radial increments during 1920 as compared with 
1919 are roughly in proportion to the potential seed-producing 
capacity of the various groups.^ When compared to the expected 

f rowth from the precipitation in these two years other facts are evi- 
ent. The rainfall in 1920 was above that for 1919, hence a wider 

< It should bo observed that while from 1919 to 1920 the growth fell off about the same amount in the trees 
p to 8 inches in diameter as in those 9 to 12 Inches in diameter, the decrease on a percentage basis was less 
in the smaller trees because in general they had wider rings. 
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ring would be expected. (Fig. 1.) This, coupled with the decrease 
that actually occurred, accentuates the apparent effect of seed pro- 
duction on raig width. . i J * u„ 

On the other hand, though the 1921 ring would be expected to be 
relatively narrow because of moderate precipitation in that year, the 
rings weVe actually wider than would be expected from the rainfall, 
as is indicated in Figure 1. This increase in width of rings may be 
due to a larger amount of food material stored in the tree or to a 
stimulus of some kind carried over from the preceding year. Since 
the seed production did not decrease the width of imp for the lolJow- 
ing year, two possibilities as to the source of the food material neces- 
sary for seed maturation present themselves. Either the food reserves 
are utilized during the seed year at the expense of ring width, and new 
reserves are built up later in the season to be used during the following 



year, or the reserves of the year preceding fruit production are held in 
abeyance to be used in xylem production the year after fruiting, and 
the food materials produced in the current year are diverted largely to 
seed formation. 

Whether the seed year of 1920 actually was the cause of the incon- 
sistencies of ring width in comparison to rainfall in 1920 and 1921 
can not definitely be determined, but at present it is the only plausible 
explanation. Subsequent seed crops, especially in years of abundant 
rainfall, will be necessary for more conclusive evidence. 

EFFECT OF VIGOR OF TREES IN RESPONSE TO RAINFALL 

The number of individuals necessary to secure reliable results in any 
problem to which statistical methods may be applied is always a 
matter of interest. Douglass (6) found that 5 trees of western 
yellow pine gave almost the same growth, even to small details, as did 
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15, but that there was less agreement between the oldest pair than 
among the other three. It should be recalled that most of his trees 
were of great age. The fact that the older trees, which were probably 
less vigorous, varied from the mean is also significant. 

The preceding discussion has made evident the fact that trees of 
different diameters vary in response to stimulation. It remains to be 



determined whether trees of the different vigor classes show compa- 
rable growth responses and whether the resmts secured from one side 
of the tree are comparable to those secured from four radii. Investiga- 
tions of these points were made by comparing curves, and with no 
attempt to develop numerical comparisons. 
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Vigor classes were determined from the average width of rings 
grouped by K-nim. intervals for 12 years (1916-1927). The mean of 
each of these arbitrarily selected vigor classes gave a curve that 
follows with remarkable similaritv the general curve for the 57 trees. 
(Fig. 3.) The departures usually are in amount rather than in 
direction. The groups with a growth approaching the average show 
an almost exact duplication of the general curve; the group of slowest 
growth shows the least similarity in direction and amount of growth. 
Except for this group of slowest growth, the responses to rainfall were 
so similar that on a percentage basis they were practically identical in 
trees of various rates of growth. It is also obvious from Figure 3 
that vigorous trees are better visual indicators of the abnormal years 
than are trees of slow growth, and that narrow rings serve best as 
indicators to be used in the cross-identification of rings in different 
trees. Douglass (6) also reached similar conclusions. 



Fkjurk 4.— -Conjimrison of average width of grow'th rings along four individual cardinal radii 

with the average of ibur 


RELIABILITY OF ONE CORE AS COMPARED TO FOUR 

The average growth curve obtained from four cores taken at the 
cardinal compass points on each of the 67 trees is compared to the 
average curve for each of the radii in Figure 4. A number of de- 
partures of the separate radii from the average for all four may be 
noted, especially in certain years, although in general the data 
obtained from any one radius are of about the same magnitude of 
reliability as the uata secured from averages of four cores on differ- 
ent sides when taken from a considerable number of trees. 

CARDINAL DIRECTIONS SHOWING GREATEST GROWTH 

It is occasionally stated that in north temperate regions straight 
trees growing on an essentially level site will show an eccentricity in 
diameter, tod that the south and west sides will evince the greater 
growth. This is attributed to a longer period of activity on these 
exposures because of greater insolation. Lodewick (10) was unable 
to find evidences of longer cambial activity on the south sides of trees 
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investigated by him, while Douglass ( 6 ) reported greatest growth on 
the northeast side in western yellow pine because the slope of the 
area on which he worked made soil water first available on that side. 
The water factor would hardly be operative in the longleaf pine of 
ivesteni Florida where an excess of water in the soil passes down- 
ward so readily that lateral movements undoubtedly occur only 
oelow the reach of all except the taproot. If such a factor were 
jperative the south and perhaps the west radii should be the longer 
owing to the coordination of this factor and insolation. The data 
presented in Figure 4 do not indicate consistently greater increments 
along any one radius. The cores from each tree were studied sep- 
arately, and the number of times the total growth for the last decade 
on each radius was greatest, next greatest, and so on, was recorded. 
The results for 48 trees, which are given in Table 1, show that the 
growth along the north and the west radii was larger than along the 
other two radii. This might presuppose a northwest-southeast 
eccentricity, though an examination of 12 trees that had recently 
been cut along a right of way gave no evidence of consistent elonga- 
tion of any one axis. The decadal growth on each radius permits a 
similar interpretation in that the north and west sides show a greater 
total growth. 

Table 1. — Relation between cardinal directions and diameter development at breast 
height in 4S longleaf pines in western Florida 
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DIAMETER ECCENTRICITY AS RELATED TO CROWN 
DEVELOPMENT 

It is generally supposed that with a restricted horizontal movement 
of food materials in a tree the diameter increments of that portion 
of the xylem connected with the larger branches or the greatest num- 
ber of branches should be the greatest ( 11 ). Whether or not exposure 
at breast height directly under the greatest photosynthetic area will 
show these xylem increments depends upon the straightness of the 
grain through the intervening bole. Spiral grain, as seen in dead 
and peeled trees, is frequent in longleaf pine on the Choctawhatchee 
Forest, though no bark or other external criteria have been found to 
indicate spiral grain in trees with the bark on. Consequently no 
information on spiral grain in the trees studied was obtained. The 
data on the relation between crown development and eccentricity in 
the bole at breast height have been summarized in Table 2. 
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Table 2 . — Relation between crown and bole development in longleaf pines in 

western Florida 
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In the trees studied there is no consistent decrease in diameter on 
the side of least crown development when measurements are made 
at breast height; in fact, according to the data in Table 2, an increase 
in diameter was more often the case. In trees supporting a sym- 
metrical crowm the north and west sides show a better growth, agree- 
ing with the results obtained when all trees were studied regardless 
of crown development. The data permit no conjectures as to the 
reason for this. 

CROWN SIZE AND RING WIDTH 

An attempt to correlate crowm si7.e with diameter increments met 
with failure. The solid shape of the crown in longleaf pine varies 
from oval in young trees through a truncated cone to nearly a disk 
in old trees. By using the cone as the standard, the crown volume 
of each tree was calculated and compared with the average diameter 
during the last decade. So little agreement was found, even among 
similar crown shapes, that it was deemed unnecessary to make more 
accurate volume computations. 

FACTORS AFFECTING SUMMER WOOD PRODUCTION 

It has already been shown that the ring width during any one 
season evinces a close agreement with the precipitation in that j^eriod. 
As a result, it is logical to expect that the rainfall during the time of 
summer wood formation also affects that portion of the ring. In- 
vestigations of longleaf pine during 1927 showed that the neavy- 
walled part of the ring started during late May or June, the exact 
time depending upon the season, and continued until the cessation of 
growth in November. Trials with various beginning and ending 
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dates on longleaf pine have led to the conclusions that the precipita- 
tion from about the middle of June to the middle October has the 
greatest effect on the production of summer wood, the qualitative 
correlation in this case being 91 per cent. The curves presented in 
Figure 5 show that, except for one or two years, there is little choice 
between the seasons beginning June 1, June 16, or July 1. The dis- 
agreement that was noticeable in the total ring width in 1921 is also 
evident hero, but in 1920 the summer wood formation fell off with 
the rainfall. 



FkiURE .>) — Comparlsou of seasonal precipitation and average width of summer wood by years 

RELIABILITY OF SUMMER WOOD DETERMINATIONS FROM ONE 

SIDE OF TREE 

The reliability of the percentage of summer wood obtained by 
measurements on one radius as compared with the results from four 
radii on the same tree was determined by computing the mean and 
probable error in each measurement. Twenty-five trees were used 
with the following results : 

Mean summer wood 
per cent 

Four radii 43. 30 db 0. 246 

North radius 44. 07± , 490 

East radius 43. 07 ± . 499 

South radius 43. 21± .480 

West radius 42. 85 ± . 486 

It is evident that the use of one radius from 25 trees gives results 
sufficiently accurate for most purposes. 
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FACTORS AFFECTING SPRING WOOD PRODUCTION 

The foregoing discu^ssion has shown that the summer wood is 
affected by the precipitation of the vegetative period beginning 
between June 1 and July 1, and, therefore, it is logical to expect that 
the rainfall during the early portion of the growing season affects the 
production of spring wood. Figure 6 presents the average spring 



wood width for the 57 trees and the precipitation for three periods 
during the early months. All three of the periods give fair agreement 
with spring wood production, though the spring wood did not fluctu- 
ate with rainfall to so great a degree as did the summer wood. (Figs. 
5 and 6.) The departures are mainly quantitative, the qualitative 
ones being confined to the years 1920, 1921, 1922, and 1923 for each 
of the periods, and also for 1924 for the period March 16 to June 15. 
Apparently other factors also exert an influence on spring w'ood 
production. 

Since the time of Hartig there has been an hypothesis that the 
spring wood portion of the ring is formed largely at the expense of 
stored food resepes (9). This seems true enough in the deciduous 
nn^porous species which, as Lodewick {10) has shown, complete the 

P roduction of the early part of the ring prior to final leaf expansion. 

here may be some doubt, however, for evergreen species where the 
old foliage is capable of photosynthetic activity during the period of 
spring wood formation because the newly elaborated food might be 
greeted to wood production, to foliage development, or to both. 
De Smidt (5) and Myer {12) have shown that the ring width is pro- 
portional to the volume available for food storage. If the spring 
wood of any one year is partiallv dependent upon the stored reserves, 
a ^rtain amount of spring wood should be formed as long as the rain- 
fall during the early months is sufficient to release the stored reserves 
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for growth. Figure 7 shows that as the precipitation increases the 
y'early growth of spring wood formed per unit of water decreases;*^ 
in fact, except for slight variations, as is also borne out by Figure 6, 
the spring wood formation is almost a constant, irrespective of rain- 
fall. The summer wood, on the (ither hand, appears to vary more 
directly with the rainfall, as is indicated by its more nearly horizontal 
direction in Figure 7. A combination of the two curves would give 
an intermediate result for the variation of the total ring width. 

Shreve (17) utilized similarly derived values in his measurement 
of the relationship between precipitation and growth, and concluded 
that there was no relationship between the two because slow-growing 
trees possessed a higher growth rate per unit of precipitation. An 
analysis similar to the foregoing would undoubtedly have shown that 
allowances for the wood formed by reserves should have been made 
in western yellow pine as well as in longleaf pine. 



Figure 7.— Relation of seasonal growth to seasonal precipitation. 

The numbers correspond to the years for which the measurements 
were made 

SUMMARY 

In an investigation of the relation between certain climatic factors 
and diameter growth in longleaf pine on the Choctawhatchee National 
Forest in western Florida no enect of temperature on wood produc- 
tion was found. There was a fairly definite relation between the 
width of the annual rings and the precipitation from March 16 to 
October 15 except for the years 1920 and 1921, for which the seed 
crop of 1920 and its reaction during the following year may have 
been responsible. 

Marked reduction or increase in precipitation was accompanied 
in most cases by corUBsponding variations in the ring width. 


* In Figure 7 the lower extension of the spring wood curve is based on an apparent maximum yearly 
production of 0.7 mm. spring wood obtained under a water supply equivalent to fully 30 inches of rainfall 
during spring on an irrigated plot in western Florida. 
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Vigorous trees were better visual indicators of the effect of climatic 
factors on wood production than were nonrigorous trees, since the 
sinuosities of their growth curves were more marked. 

Dry years and their accompanying narrow rings were found to be 
the most reliable for use in the cross identification of rings in different 
trees. 

The data from one radius on 57 trees was about as reliable as the 
data from four radii on the same trees. 

No marked relationship between cardinal directions and diameter 
growth at breast height was found in the trees investigated. 

No relationship between unsymmetrical crown development and 
eccentric diameter growth was found in the trees investigated. 

There appeared to be no correlation between crowm size and rate 
of diameter growth. 

The precipitation during the latter part of the growing season 
(from June 1 to July 1 until ()ct»ober 15) exerted the principal con- 
trolling influence on summer wood formation. 

The percentage of summer wood as determined from one radius on 
25 trees was about as reliable as that from four radii on the same 
trees. 

The precipitation accompanying the period of spring wDod forma- 
tion showed a fair qualitative correlation with the width of the 
spring wood. Quantitatively this correlation was poorer than that, 
for the summer wood; in fact, over a period of years the width of 
spring wood was almost constant irrespective of rainfall. 

The amount of spring wood formed per unit of rainfall decreased 
as the precipitation for the season increased, but the amount of sum- 
mer wood formed was almost directly in proportion to rainfall. 
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PARASITES OF THE ORIENTAL PEACH MOTH, LASPEY- 
RESIA MOLESTA BUSCK, IN NORTH AMERICA^ 


By G. J. Haeijssler 

Assistant Entomologist^ Division of Deciduous Fruit Insects^ Bureau of Entomology ^ 
United States Department of Agriculture 

INTRODUCTION 

Because of the continued failure to discover a satisfactory control 
measure for the oriental peach moth (La.9peyresia molesta Busck), a 
pest which is spreading rapidly each year in the more eastern peach- 
producing areas of the United States and Canada, considerable atten- 
tion is now being devoted to the insect parasites which attack it. 

Complete records of the presence and effectiveness of parasites of 
this insect have been published thus far for only a few localities. In 
view of the fact that a search is soon to be made for foreign parasites 
which might be introduced into this country to aid in combating this 
insect, it seems advisable at this time to prepare a list of those species 
which have been recorded to date as parasitic on the pest in North 
America. 

Before parasites from other sources are brought into this country a 
thorough study should be made throughout the entire range of the 
host to determine what parasites are already present in each locality, 
and their abundance and effectiveness. The writer has conducted 
such a study at Riverton, N, J., for the peach district represented by 
that locality. The information obtained regarding the parasites in 
that district is presented here in detail, wdth a description of some of 
the methods which proved to be most satisfactory for conducting a 
survey of oriental peach moth parasites in any locality. 


INSECTS RECORDED AS PARASITIC ON THE ORIENTAL PEACH 
MOTH IN NORTH AMERICA 

In connection with biological studies on the oriental peach moth 
conducted at Riverton and Moorestown, N. J., during four seasons 
(1925 to 1928, inclusive) the writer found 28 species of primary 
parasites attacking tliis host, and 5 species of secondary parasites. 
By supplementing these records with those obtained from published 
data and througri correspondence,^ the list of insects recorded as 
parasitic on the oriental peach moth and presented in Table 1 has 
been prepared.^ Information regarding the locality from which each 


» Received for piibiicalion Apr. 2, 1930; issued September. 1930. ' 

* In February, 1927, a survey of the more imi)ortaiit parasites and predators of the oriental peach moth 
was compiled by Aivah Peterson and the writer from reports submitted by several coojHsrators through 
correspondence and from published data. For the records taken from that survey, from published data, 
and from correspondence, the writer is indebted to the following workers (who furnished data from the 
Province and States named in parentheses): W. A. Ross (Ontario, ("anada); Philip Oarman (Connecti- 
cut); D, M. Daniel (New York); L. A. Stearns, B, F. Driggers, and Aivah Peterson (New Jersey); A, B. 
Champlain, J. H. Stear, S. W. Frost, and J. R. Eyer (Pennsylvania); Philip Oarman, H. S. McC^onnell, 
and L. A. Stearns (Maryland); L. A. Stearns, W. B. Wood, and E. R. Selkregg (Virginia), and O. 1. 
Sn»)p (Georgia). 

8 The writer is also Indebted to R. A. ('lushman and A. B. Gahan, of the Division of Taxonomy and 
Interrelations of Insects, Bureau of Entomology, and J. M. Aldrich, of the Division of Insects, U. S. Na- 
tional Museum, for the determination of siiedmens, and particularly to Mr. Cushman for checking the list 
of species in Table 1. 
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species has been recorded, the stage of the host which is attacked, and 
the relation of the parasite to the host is included. The list contains 
57 species of primary parasites, 5 of which are questionable, and 8 
species of secondary parasites. Ten families of Hymenoptera are 
represented, including 33 species of Ichneumonidae, 16 of Braconidae, 
3 of Eupelmidae, 2 of Pteromalidae, and 1 each of Bethylidae, Eulo- 
phidae, Eurytomidae, Perilampidae, Tetrastichidae, and Tricho- 
grammidae. Five species of the dipterous family Tachinidae are 
also included. 

Table 1. — List of insects recorded as parasitic on the oriental peach moth in North 

America 

PIUMAKY PARASITES 


Species 

Order 

I Family 

StHire of 
host 

attacked 

{ Relation 

1 to host 

1 

Actla pilipentiis P'allen - -- 
Aenopiex betulaecola A.shni » 

Diptera. . 

1 Tachinidae. . 

Larva. - 

1 Internal 

Hymenor*- 

1 Ichneumonidae 

Prepupa 

'--do 


tera 

1 


i 

Aenoplex carpocapsae Cush 

.-do.- 

1 - -do 

do.'* ... 

i -,do 

Allocota thyridopterygis 

-.do 

i do- - 

Larva 

- do 

Riley. « 

Angitia sp «--- 

-- -do 

.,do 

-do 

' do 

A pan teles harti Vier » 

--do 

Braconidae- 

.do 

<io . . 

A pan teles sp « 

. do 

— do-- 

-do . 

do 

Ascogaster carpocapsae 

-do 

do . -- 

Egg. 

-do 

(V'ler )« 





Bassus carpocapsae ('u.sh « 

. do.. 

- -do—- 

I^arva... - 

do ... . 

Calliephialtes grapholithao 

-do .. - 

Ichneumonidae 

Cocoon 

External 

(Cress ) “ 





('’alliephlaltes n sp.“ 

Centeterus ineptifrons 

--do 

--.do 

do - . - 

do 

- -do 

-do 

- do . 

Internal. 

Gahan « 





Cremastus forbesii Weed 

-do 

-do 

Lar\ a 

- do 

Cremastus minor 
Cush • 

-do- .. 

- .-do - 

- do 

- do 

Cremastussp - - 

-do -- - 

do. - 

do - 

--.do. -- 

Cryptus vinctus (Say),.. 

- do 

--- do.- - 

1 Cocoon . 

(io 

Diapetiinoriiha orba (Say) • 

--do. 

do . 

1 Larva . 

-do 

Diodes obliieratus (Cress )« 

-. do . 

-.-do 

do - 

1 -do - - . 

Encyrtaspis semirufus Gahan. 

...do 

Eupelmidae 

1 do 

-do 

Ephialtes aequalis (Prov.)« .. 

--do 

! 

Ichneumonidae 

1 ('ocoon 

. do. -. 

Epiurus indagator (Cress ) « . 

- do 

do 

Larva or 

External - - J 



prepuim*’ 

Epiurus n sp 

do - 

do 

-do 

do - i 

Eubadlzon gracilis Prov. f . . 

---do 

Braconidae. 

Larva 

I Internal.. | 

Eubadizon plouralis Cress. 

. do 

do 

-do. 

l-.-do ' 

Eubadizon sp. f - 

-do- 

Hr) 

-do. . - 

-do 

...do . , --i 

External 

A species of the family Eupel- 

--.do 

Eupelmidae. - 

midae. 

Olypta phoxQpteridis Weed «. 

--.do 

Ichneumonidae 

- -do- - 

Internal... 

Olypta ruhscutellaris Cress *. 

-do 

...-do— 

do - 

- -do 


Kerorded from— 


New .Jersey. 
Ontario, New .Jer- 
sey, and I’enii- 
sylvania 
Pennsylvania 
Do. 

Nevi Jersey 
Do 

New Jersey, Vir- 
g 1 n i a, and 
(Jeorgia 

Ontario, Now .Jor- 
.sey, PennsNl- 
vania, Maryland, 
and Virginia 
New Jersey 
N(W' Jersey and 
Pennsylvania 
New' Jersey 
Now Jersey, J*enn- 
.sylvania, and 
Virginia 
Now Jersey. 
Ontario an<l 
Jersey 
Now’ Jersey 
Do 
Virginia 
Ontario and 
Jer.sey 
CJeorgia. 

Ontario, New’ Jer- 
sey, and V i r- 
ginia. 

New Jersey 
Maryland. 
Ontario. 

New Jer.sey 
Virginia 
Ontario and New 
Jersey, 


New- 


New 


and 


and 


out. New Jersey, 
and Georgia. 

Maryland. 

New Jersey. 

Ontario, Connecti- 
cut, New York, 
New Jersey, 
Pennsylvania, 
and Maryland. 


* Bred from L. moleata by the writer 

* The Stage of host attacked is not know-n, but the probable .stage is given. 

« This species is asually bred from bagworms and tussock moths (Bushman is inclined to doubt that 
it is parasitic on L. molestia, 

* By cocoon is meant either prepupa or pupa within the cocoon. 

« Normally parasitic on spider eggs, Cushman doubts the record. 

, > Cushman and Gahan are of the opinion that all these are probably the same and are neither gracUia nor 
plmtulU but represent undescribed species. 
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Table 1.- -List of irifiecta recorden 

' as parasitic 

on the oru 

*ntal peach 7noth in North 


A mertm —Continued 




PRIM \ RY PAR \S1TES 



Species 

Order 

Family 

Stage of 
host 

attacked 

Relation 
to host 

I 

Recorded from— 

Olypta vanpes ('rtss 

HyniPno])- 

Ichueumonidae 

Larva 

Internal.. 

Ontario 

lera 





Glypta vulgaris (’ress_ . 

do 

tlo ... 

do 

--.d< . .. 

Virginia 

GoniozUvS sp 

- <io . 

Both>lidae. 

do.. 

External.- 

Do 

Hoplocryptus iiicert ulus 


Ichoeumonidae 

('ocoon , 

Internal-. 

No^\ Jersey. 

(’’usli “ (-iTicerliis fTov ) 






Itoplectl.s conqiiisilor (Sav) " 

do 

-- do 

do -. 

- do 

New Jersey. Penn- 





' sylxania, and 
\ irginia 


lyeskioiiiiniH teiieru Wied 

Dipt era 

'r'achinidae . - 

Lai \ a 

do.... - 

’ Maryland. 

Ivoucodesnua iiigriventris (Jir 

Hynieuop- 

Eulophidae . 

do .. 

do .. 

X'lrgiiJia 


teni 





Luophaga plurabea Aldr 

Dipfera 

Tachinalae. . 

do . . 

. do - . 

Do 

LiKopliaga \anahilis ('(jq » 

(lO 

. .<lo 

- do 

.do -. 

New Jersey, Mai.\ - 






land. \ irgiiiiu, 
and Georgia 

Macrocentrus aiicyli\ oia 

1 1 > TTienoi)- 

Hracomdao... 

do ... . 

- do.. 

('onnecticut, New 

Hob « 

tera 




' Jeisey, Peniis>l- 

1 'N’aiiia, Maryland, 

and \ irginia 

M acrocentrus delicatu.s 

-do 

do. 

do 

- do... -- 

' New' York ami 

Cro.ss « 





N ew' J ersey 

Macrocentrus sp. . . . 

<lo 

- - do. 

do 

. do 

Ontario, New Jer- 





! sey, and Vir- 
' giuia 


Meteonishyphantnae { lOley). 

do 

- - do 

do .. . 

do 

New' Jersey 

i\Iim)bra(*ongelecbhie(.\slirri ) 

do 

. do .. - 

do 

Extern.il - 

; New' Jersey, Mary- 





land, and Vir- 
ginia. 


Microbracon hel etor (Sa> i * . 

do 

do .. 

do . 

do . - 

New Jersey. 

.M icrobracon niellilor LSa>) 

do 

..do 

do. 

...do 

Ontario 

Microcrjplus sp 

1 do 

Ichneumonidoe 

Cocoon 

Internal , 

New Jersey 

Nouiorillii phycitiie I^eB 

. Diptera 

Tachinidae 

Larva. .. 

- do 

Maryland 

JMianerotoiiia tihii.lis llald “ 

IDmenop- 

Rraconidae 

Egg 

do... 

New Jersey. 


tera 





Phjgadeiiun sp 

-do 

Ichneumuiiidae 

1 I,ai\a 

do.. ... 

' Do 

i’ristomerus ocellatu.s ('ush « 

.do 

. . do 

, do. . - 1 

do - 

' Do. 

Rogas platypterxgis \shiii- . 

<io 

BrHConidae 

' -do . ' 

do... . 

, Virginia 

Sagantis consirnilis ( Vshrn ) , 

do 

lehneumomdae 

, do. 1 

do ... 

New Jersev. 

Sagariti.s pat.sinketoruni Vier. 

do . 

<lo 

do i 

do ... 

Do. 

iSpilocryiitus sp 

<1(1 

<lo. 

( ’o( oon 1 

.do.... 

; Maryland and Vir- 




1 

1 

i ginia 

Stilbopouies sesiavora Huh 

do 

do 

Lana j 

1 do- . 

1 New Jersey. 

SyntonU).s|>h> rum evuius 

-do 

Tetra.stichidae 

Pupa . 

.do.... 

Do 

Riley 

Trichogriimma minuluni . 

.do. . 

Trichogram* 

Kgg-. 

do 

Connecticut, New 

Riley « 


irudae. 



York, New Jer- 
sey, Fennsyl- 
1 vania,aiid Mnry- 
1 laud. 

Triclistus curvator (Fab ) « . 

-do .. 

lehneumomdae 

[ Pupa 

do . . 

New' Jersey and 

1 



1 

1 Maryland. 


SECOND ARY PARASITES 


Species 

1 

! Order , 

Family 

' Recorded from- 

Cerambycobius sp. (jirobably Eupel- 

Hymenoptera-.-i 

Eupelmidae 

Virginia. 

mus amicus Oir ). 

1 



Dibrachys boucheanu.s (Katz.) « 

do -1 

1 

Pteromalidae 

! Ontario, New Jersey, 
Pennsylvania, Mary- 

land. and Virginia. 

Dibrachys (Tritneptis) henierocampae 

do . 

..do. . . j 

New Jersey 

Gir.® 


1 


Eurytoma sp 

. ...do 

Eurylomidae. | 

Maryland. 

Gelis sp.® 

do - .. 

Ichneumonidae . ; 

New Jersey. 

Uemiteles teiiellus (Say) ® 

[ do 

. ..do 

Do. 

Hemitoles sp 

i. 

do - - j 

Do. 

Perilampas sp.® 

..—do 

1 

Perilainpidae.... 

Do. 


• Bred from L, molesta by the writer. 

^ The staro of host attacked is not known, btu the probable stage is given, 

• Normally a parasite of meal moths. 
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Although the oriental peach moth has so many insect parasites, 
very few seem to be of much importance. Those of chief importance 
are Mac r oven trus ancylvvora (fig. 1) and Glypta rufiscutellaris (fig. 2), 
both of which attack the larval stage, and Trichogramma minutuMy 
which attacks the egg. 

Macrocentrufiancyli rora particularly, and Glypta ryfiscutellaris to a cer- 
tain extent, are aiding considerablv in reducing the annual infestation in 

those sections of New 
Jersey where they have 
become established. 
The work of these two 
species is confined large- 
ly to the earlier broods 
of host larvae that feed 
in peach twigs. By de- 
stroying large numbers 
of larvae of the fir^t and 
second broods early in 
the season they bring 
about a considerable re- 
duction in the number 
of individuals produced 
in the later broods, most 
of which feed in the fruit. 
As pointed out ))y 
Stearns,^ these two spe- 
cies are apparently lim- 
ited in their distribu- 
tion by environmental 
factors. Thus far, both 
species have not seemed 
able to become success- 
fully established and 
effective in the same 
locality. 

The egg parasite 
Trichogramma^ minutum 
has been found to at- 
tack large numbers of 
oriental peach-moth 
eggs placed in peach 
orchards at Riverton, 
N. J. Garman ® and McConnell ® both record this species as attack- 
iiig of the oriental peach moth in Maryland. Garman also 
records it from Connecticut,^ and Stear records it from Pennsylvania.* 
' Of the remaining species, only a few have been recorded "as fairly 
abundant in some localities. The majority are merely occasional 
records, usually of only a few individuals. 



Figure 1.— Adults of Macrocentrus ancylivora: A, Female, B, male. 
X 5 


* Stearns, L. A. the labvai, rARA.siTRH of the oriental peach moth (laspeyrksia molesta busck) 
WITH SPECIAL REFERENCE TO THE BIOLOGY OF MACBOCENTRUS ANCYIIVORA ROHWER. N. J. Agr. Espt. 
sta. Bill. 4fl0, 24 p., illus. 1928. 

i Garman, P. the oriental peach pest (laspeyrbsu molesta busck), a dangerous nf.w fruit 
INSECT OF MARYLAND. Md. Agr. Expt. Sta. Bul. 209, 16 p., Ulus. 1917. 

« McConnell, H. 8, the oriental fruit moth. Md. Agr. Expt. Sta. Bul, 298: 179-180. 1928. 

T Garman,?. work with the oriental peach moth in1926. Conn. Agr. Expt. Sta. Bul. 285: 234-239. 1927. 
< Stear, I. B. the oriental fruit moth in Pennsylvania. Penn. Dept. Agr. Bul. v. 12, no. 8, Gen, 
Bul. 477, 13 p., illUS. 1929. 
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PARASITISM OF THE ORIENTAL PEACH MOTH IN THE VICINITY 

OF RIVERTON, N. J. 

METHODS OP OBTAINING RECORDS 

The presen(‘e of para- 
sites which attack and 
developwithin the egg of 
the host was determined 
by placing oriental 
peach-moth eggs, which 
had been deposited on 
the leaves of j)each or 
pear twigs in the insec- 
tary, ill peach orchards. 

The twigs, in small bot- 
tles of water, were placed 
on posts in su(*h a posi- 
tion as to be in the foli- 
age of the peach trees. 

After being exposed for 
24 hours or longer, the 
eggs were taken to the 
insectary and examined 
to see if they w ere para- 
sitized. 

Most of the informa- 
tion regarding the spe- 
cies of jiarasites, which 
attack or develop w ithin 
the larva of the oriental 
peach moth previous to 
the time the cocoon is 
spun, was obtained by 
collecting peach twdgs 
infested w ith the larv ae. 

Collections were made 
from several oichards 
during the four consec- 
utive seasons from 1925 
to 1928, inclusive, usual- 
ly once a week in each 
orchard from the time 
the first infested twdg 
was found in the spring 
until twigs (‘ontaining 
larvae could no longer 
be found in early fall. 

The collecting was 
usually continued for a 
definite number of min- 
utes in each orchard, 
and the twigs were 
taken to the insectary immediately. During the first three seasons 
all the larvae were removed from the twigs, sorted into various size. 



Figure 2.— Adults of Olypta rufiscuiellarh: A, Female, B, male. X 4 
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according to thoir length in millimeters, and placed on fruit (peaches 
or apples) in jelly glasses covered with cheesecloth held in jdaco by 
rubber bands. They continued their development in the fruit, and 
then spun cocoons in strips of corrugated straw paper, which were 
placed in the glasses. The cocoons were removed daily and placed in 
individual homeopathic vials in which the adult moths or parasites 
later emerged. 

Jt was found that in rearing the larvae in the insectary after haying 
removed them from the twigs a high mortality occurred, especially 
in the case of young larvae. Many larvae were injured while being 
removed from the twigs and died before they could eat their way into 
the fruit upon which they were placed. Preliminary trials in 1927 
indicated that lower mortality resulted if the larvae were not removed 
from the twigs but were allowed to crawl out at will and go to the 
fruit. Consequently, throughout 1928 the larvae were removed 
from only one-half of the twigs taken at each collection. The leaves 
were trijumed from the remaining twigs, which were shortened to the 
3 or 4 inches that contained the larvae. These stems were then placed 
in 6 by 8 inch glass jars about half full of apples. The more mature 
larvae, which were able to complete their development within the 
small portion of twig, crawled out when full grown and spun cocoons 
in strips of corrugated paper placed in the jars. Larvae which were 
unable to complete their growth before the twigs dried out abandoned 
the twigs and completed their feeding in the apples. These also 
eventually si3un cocoons in the corrugated-paper strips. The cocoons 
were removed about once a week and placed in individual vials until 
the moths or parasites emerged. Although the same number of 
infested twigs was handled by each method throughout the entire 
season, only 1,030 adult^s (moths and parasites) emerged from the 
larvae which were removed from the twigs, as compared with 1,433 
adults which emerged from the larvae that were allowed to come out 
of the twigs at will. In other words, 39.1 per cent more individuals 
completed their development succesvsfully when the larvae were 
handled by the second method. By being able to rear a larger number 
of larvae to maturity, a more accurate record can be obtained of the 
percentage of parasitism occurring in the field. In addition, con- 
siderable time IS saved because it is not necessary to remove larvae 
from the twigs. 

Additional records of parasites of the larvae w^ere obtained by col- 
lecting infested poach and quince fruit in the summer and fall and 
rearing the larvae to maturity. 

Records of the parasites which attack the oriental peach moth 
while it is a prepupa or a pupa within the cocoon were obtained by 
collecting cocoons that were spun under the bark of peach and quince 
trees and rearing the, insects to maturity in the insectary. Occa- 
sionally larval parasites also emerged from these cocoons, when the 
host larva had been parasitized before the cocoon was formed. On 
several occasions strips of corrugated paper containing prepupae or 
pupae in cocoons were tacked to the trunks or branches of peach 
trees for several days, but no parasitism occurred. 
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PARASITISM OF EGGS 

Trichogramma minntum was the only pai*asite found that attacks 
and develops entirely within the egg of the host. This parasite was 
present at various times throughout each growing season, and on 
some occasions 50 per cent or more of the host eggs that were placed 
on posts in peach orchards were parasitized. Information is not yet 
available concerning the jiercentage of parasitism by this species in 
eggs deposited normally by the oriental peach moth in the orchards 
near Riverton. 

Two species of parasites, Ascoganter varpocayme and Phanerotoma 
tibialis, oviposit in the egg of the host but complete their develop- 
ment within the larva. Tliese two specdes are treated as larval 
parasites. 

PARASITISM OF LARVAE FEEDING IN PEACH TWIGS 
ReLATIVK ABeNl)AN(’E AND IMPORTANCE OF THF: VARIOUS SPEClES 

In the four orchards from which twigs were collected during the 
seasons of 1925 to 1928, inclusive, 14 species of parasites w^re found 
which attack or develop within the larva of the oriental peach moth 
wdiile the larva is feeding in peach twigs. Table 2 shows the species 
present each season and the relative importance of each. For the 
four seasons, 91 per cent of all the larval parasites present were of 
the species Macrocentrus ancylirora, (Vemastus minor accounted for 
about 3 of the remaining 9 per cent, M. delicatus for between 2 and 3 
per cent, C./orhesii and Glypfa rufiscutellaris for about 1 per cent each, 
and all the otlier species together for only about 1 per cent. Dibra- 
chys (Tritneptis) hemeroeampae is a secondary parasite bred from a 
cocoon of M, (tncylirora, Perilampus sp. also is a secondary parasite. 
Tlie table shows the ])ercentage of oriental peach-moth larvae that 
were parasitized by each species during each season and for the four 
seasons combined. Parasitism by M. nncylivora alone ranged from 
41.6 per cent in 1928 to as high as 55.3 per cent in 1926, with an 
average of 48.23 per cent for the four seasons. The percentage of 
parasitism by no other single species exceeded 2.69 per cent in any 
given season, and the highest average parasitism over the 4-year 
period by any species other then M, ancylirora was 1.65 per cent by 
C. minor. 

Macrocentrus ancylirora is the only larval parasite of importance in 
the Riverton district, as is clearly indicated in Table 2. 
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Table 2. — Relative abundance and importance of each aj^ciee of larval parasite of 
the oriental peach moth present in peach orchards at Riverton, N, J., during the 
seasons of 1926 to 1928, inclusive, as determined by collections of twigs from 
orchards 2 to 6 years old ® 
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o The colleetions In 1925 were from 2 orchards, in 1920 from 3 orchards, and in 1927 and 1928 from 4 orchards, 
*• Secondary parasite. 

Seasonal ParapIitism 


The total parasitism of larvae for each season by all species com- 
bined and the average parasitism for the four seasons are also given in 
Table 2. The seasonal parasitism was highest in 1926, when 60.81 
per cent of the larvae collected in twigs were parasitized. The lowest 
parasitism occurred in 1928, when only 44.55 per cent were para- 
sitized. An average of 52.89 per cent of all the larvae collected in 
peach twigs during the entire 4-year period was killed by various 
species of larval parasites. 

In Table 3 the collections from the several orchards each week 
during a given season have been combined. This table gives the 
numlir of individuals which emerged, including both moths and 
parasites, the total percentage of parasitism by all species, the per- 
centage of parasitism by Macrocentrus ancylwora alone, and the 
percentage by all other species combined, as they occurred in the 
weekly coUectio.ns. In the collections made June 23 and 24, 1925, 
and July 15, 192J^, as high as 95 per cent of the larvae were para- 
sitized. The maxinium parasitism in weekly collections in 1927 was 
considerably lower, per cent, and occurred in the collections of 
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June 7 to 10 and of July 5 to 7. In the (jollection of July 3 to 5, 1928, 
there was a maximum parasitism of 72.1 per cent. In each instance 
indicated above, the percentage of parasitism by M. ancylivora alone 
also reached the maximum. The figures given in Table 3 further 
indicate the importance of M. ancylicora in the Riverton district. 

Table 3. — Percentage of parasitism in individuals which emerged from weekly 
collections of peach twigs infested with larvae of the oriental peach moth at River- 
ton, N. J. 
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With the exception of 1926 (when only one individual emerged 
from the first collection) parasitism varying from 6.3 to 67.2 per cent 
occurred in the first collection each season. It is thus apparent that 
the parasites emerge early enough in spring to attack the first larvae 
which enter the twigs. This was checked in the case of Macrocentrus 
ancylivora in the spring of 1928. It was found that these parasites 
began to emerge on May 11 after haying hibernated in host larvae 
kept outdoors throughout the winter in a wire-screen cage hung on 
the south side of a pole, a method similar to that used by Peterson 
and Haeussler ® to aetennine the spring-brood emergence of oriental 
peach moths. This was five days earlier than the first oriental peach- 
moth larvae were found in twigs in the orchard (May 16). 


* PETBR80N, A., and Haeussler, Q. J. detebmikation or tbe sprino-brood emergence of orien- 
tal PEACH MOTHS AND CODUNQ MOTHS BY VARIOUS METHODS. Jour. Agr. Kessarob 37: 309-417, Ulus. 1928. 
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The most abundant parasitism occurred each season when larvae 
were most abundant in the twigs, as shown in Figure 3. The bars 
of this chart also indicate the number of moths, of Macrocentrus 
ancylicora, and of all other species of parasites combined which 
emerged from infested peach twigs collected weekly each season. 
The cross-hatched areas indicate the number of oriental peach moths, 






Figure 3.— Parasitism of oriental peach-moth larvae feeding in peach twigs at Riverton, N. J., 
1925 to 1928, inclusive, as indicated by the number of individuals which emerged from infestea 
twigs collected weekly in 15-minute periods 


the solid black areas the number of M. ancylivoray and the white 
outlined areas the total number of parasites of all other species 
combined. The number of larvae taken in each collection is also 
given, and, as each collection was made during a 15-minute period, 
the figures indicate the relative intensity of infestation on each date 
of collection. 



Sept. 1, 1930 


Parasites of the Oriental Peach Moth 375 

In 1925 a large population of first-brood host larvae was present 
in the twigs. These larvae were heavily parasitized in May, thus 
building up a strong population of parasites, chiefly Macrocentrus 
ancylivora^ which in turn severely attacked the large second brood 
of host larvae. The heavy parasitism during the latter part of 
June and early July caused a decided decrease in twig infestation 
after the collection of July 7, but larvae were present in the twigs 
throughout August and until the collection of September 22. Para- 
sitism after the second brood was comparatively low. There were 
five broods of host larvae at Riverton in 1925. 

Host larvae of the first brood w’ere not very abundant in the 
twigs in 1926, and parasitism of these larvae was low. Host larvae 
of the second brood were abundant in twigs throughout July and 
were heavily parasitiz(Ml. Although twigs suitable for infestation 
were present in the orchards well into September, very few twigs 
w^ere attacked after the collection of August 3. Only four broods 
of host larvae occurred at Riverton in 1926. 

In 1927 the host larvae were abundant in the twigs from the 
collection of May 25 to the collection of July 13, and in every col- 
lection made during this period 50 per cent or more of the larvae 
were parasitized. This continuously heavy parasitism reduced the 
host population to such an extent tfiat very few’ larvae were present 
in tw’igs after tlie middle of «July. Four broods of host larvae occurred 
this season. 

The situation in 1928 was, in some respects, similar to that in 1925. 
Larvae of the first brood were the most abundant and w ere heavily 
parasitized. Parasitism of larvae of the greatly reduced second 
brood was very severe early in «July, and few host larvae were found 
in twigs after iJuly 25, although a supply of twigs suitable for infesta- 
tion was available until about August 10. There WTre five broods of 
host larvae in 1928. 

PARASITISM OF LARVAE FEEDING IN FRUIT 

Parasitism as high as 28 per cent by Macrocentrus anvyllrora and 
7 per cent by M. delicatus has been found in larvae feeding in 
peaches during the months of June, July, and August at Riverton, 
it is possible that many of these larvae were parasitized while feeding 
in twigs and that they abandoned the twigs later to complete their 
feeding in the fruit. From a large number of larvae cut from peaches 
from late August to early November in 1926, a total of 673 oriental 
peach moths and 10 M, ancylivora emerged the following spring. 
This w’as only 1.46 per cent parasitism, all by one species of parasite, 
in wintering larvae. These larvae probably fed almost entirely in 
the fruit. 

From larvae collected in the fall of 1928 while feeding in quince 
fruit, five species of primary parasites and one secondary parasite 
emerged, as shown in Table 4. Of the 949 individuals which emerged, 
40 were parasites, a parasitism of 4.21 per cent in larvae feeding in 
(juince fruit at harvest time. Phanerotoma tibialis, which oviposits 
in the egg of the host and develops in the larva, was the most abun- 
dant species. The 24 individuals of this species and one of the two 
Macrocentrus ancylivora hibernated in the larvae of the host and 
did not emerge until the following spring. The other M, ancylivora 
and all the individuals of the remaining species emerged in the fall 
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of 1928. Of the 40 parasites which emerged from this material, 
10 were Glypta nifiscutellarw, whereas there were only 4 individuals 
of this species among 1,160 parasites obtained from larvae feeding in 
peach twigs collected earlier the same season. (Table 2.) 

Table 4. — Parasitism of oriental peach moth larvae feeding in quince fruit at 

Riverton, N. J,, 1928 


Species 


Phanerotoma tlhialis llaM. . 
Glypta ruflscutellaris Cress 

Maorocentrus aneylivora Uoh 

( 'alliephialtes Krapholithae (Crasj^ ) 

Pristomerus wellatus Cush 

Hemiteles tenellus (Say) « 

Total parasites oiTierged - 
Oriental peach moths emerged 

Total individuals emerged.. 
Percentage of parasitism 
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emerged 
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forming 

1 

, 2 

1 
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24 


! 16 

25 

31 
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41} 
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24 

10 
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2 

1 

40 

009 

049 
4 21 
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PARASITISM AND MORTALITY OF ORIENTAL PEACH MOTHS IN COCOONS COLLECTED 
FROM UNDER QUINCE BARK 

From a number of oriental peach moth cocoons collected under 
quince bark in the fall of 1928, only 74 individuals emerged, 15 of 
which, or 20.27 per cent, were parasites. (Table 5.) Eleven of the 
parasites were Aenoplex Jbetulaecolay which attacks the host in the 
cocoon, probably when it is a prepupa. One of these emerged in the 
fall of 1928, and 10 hibernated. All the other species represented 
attack the host while in the cocoon, with the exception of Printomerun 
ocellatusj a parasite of the larva. 

Table 6 . — Parasitisjn and mortality of orient'd peach moths in cocoons collected 
under quince hark at Riverton, J ., 1928 


Numlicir of indlvidunls 


Species j 

Trans- 
! forming 

emerged 

Winter- 

ing 

Total 

Aenoplex betulaecola Ashm . . . _ . 

1 

10 

11 

Centeterus ineptifrons Oahan. , . ... ..... 

1 


1 

Ephialtes aef 4 ualis (Prov.) 


1 

1 

Hoplocryptus incortuliis Cush . . , 


1 

1 

Pristomerus ocellatus Cush 



1 

1 

Total parasites emerged . , , 

2 

13 

15 

Oriental peach moths emerged- - 

2 

57 

59 

Total individuals emerged 


70 

74 

Percentage of parasitism 

1 ^ 


20.27 


Numlier of oriental peach-moth larvae dead 162 

Number of oriental peach-moth purpae dead 15 


Total individuals dead. 
Percentage of mortality 


177 

70.62 
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As shown in Table 5, 70.52 per cent mortality occurred in the larvae 
and pupae in the cocoons collected under quince bark. Most of 
these Avere apparently killed by a fungous disease which is common in 
oriental peach-moth larvae that hibernate in cocoons spun under 
bark. 

SUMMARY 

Fifty-seven species of primary parasites attacking the oriental 
peach moth in North America have been recorded thus far. Those of 
chief importance are the larval parasites Macrocentrus ancylirora and 
Glypta ruf scutellarifij and the egg parasite Trichogramnia minutmn. 
Eignt species of secondary parasites have also been found. 

Records of the parasites of larvae occurring in the vicinity of 
Riverton, N. J., were obtained by making weekly collections through- 
out the season of peach t wigs infested by the host larvae, and rearing 
these larvae to maturity. By trimming off the leaves and placing 
the portion of stems containing the larvae on apples in glass jars, 
39.1 per cent more individuals were able to complete their develop- 
ment than when each larva was removed from the twig and placed 
on fruit. 

Trichoyranma minvtum was the only parasite found at Riverton 
which develops entirely within the egg of the host. AncogaMer carpo- 
capme and Phanerotoma tihialU oviposit in the egg of the host but 
complete their development within the larva. 

Fourteen species of parasites of larvae we're found in larvae feeding 
in peach twigs at Riverton during the seasons of 1925 to 1928, in- 
clusive. Macroceniruti ancylirora is the only important parasite of 
larvae in the Riverton district. During the 4-year period, 91 per cent 
of all the parasites of larvae present were A/, ancylirora^ and para- 
sitism by this species alone averaged 48.23 per cent. 

The seasonal parasitism by all species of parasites combined varied 
from 60.81 per cent in 1926 to 44.55 per cent in 1928, with an average 
of 52.89 per cent for the four seasons. 

Parasitism as high as 95 per cent occurred in weekly collections of 
larvae in 1925 and 1926. 

Macrocentrus ancylirora, emerges early enough in the spring to attack 
the first host larvae that feed in peach twigs. 

The most abundant parasitism occurred each season when host 
larvae were most abundant in twigs. Parasitism of larvae of the first 
and second broods caused a decided decrease in the number of twigs 
infested each season. 

Parasitism of 28 per cent by Macrocentrus ancylirora and 7 per cent 
by M. delicatuH occurred in larvae feeding in peach fruit in the early 
part of the season, but less than 2 per cent parasitism was found in 
wintering larvae collected while feeaing in peaches in the fall. 

About 4 per cent of the larvae collected while feexiing in <]uince 
fruit at harvest time were parasitized, and Phanerotoma tibialis was 
the most abundant parasite. Parasitism by Glypta rufiscutellaris was 
much more abundant in these larvae than in larvae feeding in twigs. 

Aenophx beiulaecola was the most common parasite of the stages 
within the cocoon. High mortalitj, due to disease, occurred in 
oriental peach-moth larvae hibernating in cocoons spun under quince 
bark. 




SHORT BRANCH, ANOTHER CHARACTER OF COTTON 
SHOWING MONOHYBRID INHERITANCE* 

By Thomas H. Keahney 

Principal Physiologiftt in Charge, Office of Egyptian Cotton Breeding, Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Satisfactory evidence of nionohybrid or simple Mendelian inher- 
itance has been adduceci for relatively few characters of the cotton 
plant. The following list of pairs of allelomorphs comprises the 
characters known to the writer for which there has been published 
fairly conclusive proof of monohybrid segregation in certain crosses. 

Plant “crinklefl dwarf”; plant normal (11).^ 

Leaf narrow-lobed (“okra”); leaf hroad-lobed (4, S, 20, 22, 2S, 26, 27, 28, 32), 

Leaf red; leaf preen (^, 23, 26, 31, 32). 

(k)rolla whitish; corolla yellow {/, 3, 7, 8, 12, 16, 17 , 20, 21, 23, 24, 26). 

Petal spot absent or w<‘ak; petal spot intense {1, 10, 13, 17, IS, 21, 24, 26). 

Pollen eream-colored; pollen yellow {1,2, 4, 14, n, 26). 

Seeds fuzzy; seeds naked or nearly so (1, 4, I, 8, 17, 19, 21, 26, 29, 30). 

Lint sparse; lint abundant ^ {9, 20, 21 , 29, SO). 

A few other characters, in regard to which the evidence for the 
existence of a single pair of allelomorphs seems less conclusive or is 
conflicting, are: Color of the leaf pulvinus (), 77, 21) j color of the 
unripe boll {21), and color of the fuzz on the seed (4, 21). 

Several of the characters in the first list have shown clear-cut 
monohybrid inheritance in crosses between nearly related forms 
but a more complicated type of inheritance in interspecific hybrids. 
A good example is spotless or weak-spotted petal as contrasted 
with full-spotted petal. When a full-spotted and a weak-spotted 
form of the same species were crossed, all plants of the F 2 population 
could readily be referred to one or the other group, and the departure 
of the respective numbers from a 3:1 ratio was insignificant {18), 
On the other hand, when the cross was between different species, 
e. g., full-spotted Egyptian or sea-island cotton {Gossypiuin bar- 
hadense) and spotless upland cotton {G. hlrmtvm)^ F 2 showed inter- 
gradation between the two classes, and separation of them was 
more or less arbitrary {18, 17). 

An explanation of this difference in the behavior of crosses between 
related and unrelated forms has been offered by Harland (7^ />. 399). 

♦ * * species hybrids in cottons differ from varietal hybrids in the extent 
to which differences occur in modifying factors. In a species hybrid each main 
gene is apparently accompanied by a group of modifiers which have the effect 
of diluting the character in steps down to the recessive, and in certain cases 
may obscure entirely the distinction between dominant and recessive. 

The argument is restated in another paper by the same author 
(76), as follows: 

* Received for publication May 1, IftSO; issued September, 1930. 

* Reference Is made by numl>er (italic) to Literature Cited, p. 386. 

* The only well-supported instance of definite alternative inheritance of sparse lint as contrasted with 
abundant lint appears to be the one descril>ed by Thadani (ifO, SO). In this ease there seemed to be close 
linkage with naked seed as contrasted With fuzry seed, and it may be that only different expressioas of 
a single gene are involved. 


Journal of Agricultural Research, Vol. 41, No. 6 

Washington, D. C. Sept. 1, 1930 

Key No. 0-740 


( 379 ) 



380 


Journal of Agricultural Research 


Vol. 41, No. 8 


In varietal crosses there is segregation of the main gene alone, whereas in the 
interspecific cross there is segregation of modifiers which may partially, or in 
some cases entirely, obscure the distinction between dominant and recessive. 
Thus, there is no real difference in the mechanism of inheritance in interspecific 
from that which exists in varietal crosses. 

The difference between crosses within a species and interspecific 
hybrids may extend to a reversal of dominance. Thus, in crosses 
between a naked-seeded and a fuzzy-seeded upland cotton or between 
a nearly naked seeded and a fuzzy-seeded Egyptian cotton the first- 
generation plants were all naked-seeded or nearly so, and the second 
generation segregated approximately in a ratio of 3 naked (or nearly 
so) to 1 fuzzy (l9j 29, SO). But in crosses between upland cottons 
having the seeds completely fuzzy and E^ptian cottons having the 
seeds only partly covered with fuzz, the Fi plants all had the seeds 
completely covered and F 2 showed an unbroken range between the 
two extremes (17, 29, SO). 

DESCRIPTION OF THE CHARACTER “SHORT BRANCH” 

A striking variant was discovered by Byron Reddin of Tempe, 
Ariz., in his field of Pima Egyptian cotton in 1924. This plant was 
characterized by having all its fruiting branches reduced to only one 
developed internode. Seeds produced by naturally pollinated flowers 
on this individual were planted at the iJnited States field station at 
Sacaton, Ariz., in 1925, and approximately half of the nine plants that 
came up resembled the original variant. The others had fruiting 
branches with more than one internode, although shorter than in 
typical Pima plants. Evidently many of the ovules on the mother 
plant of 1924 had been cross-fertilized by pollen from the surrounding 
normal plants. 

Flowers were bagged on a plant in this progeny which resembled the 
oririnal variant, ana from the resulting self-fertilized seeds a progeny 
of five individuals was grown in 1926. All of these plants bore only 
reduced (1 internode) fruiting branches; and the inbred progenies 
successively descended from one of them, comprising 8 individuals 
in 1927, 11 in 1928, and 4 in 1929, expressed the character uni- 
formly. It may be concluded that the original variant of 1924 and 
the plant selected for selfing in 1926 were homozygous for fruiting 
branches reduced to one developed internode. 

The fact that the cotton plant bears two kinds of branches, vege- 
tative branches and fruiting branches, was pointed out by Cook (5, 
p. IS-Sl). Cook showed that the vegetative branches arise from 
either axillary or extra-axillary buds on the main stem, usually near 
its base. The fruiting branches arise only from extra-axillary buds, 
one of which is produced normally at each node of the main stem 
(primary fruiting branches) and one at each node of the vegetative 
branches (secondary fruiting branches). The flowers ordinarily 
develop from extra-axillary buds on the fruiting branches, one at each 
node. There are, however, many deviations from this general plan 
of development, as Cook has shown. 

None of the fruiting branches of the plants grown at the Sacaton 
station had more than one developed internoae, at the summit of 
which were borne from one to three flowers. Where only one flower 
was borne, the appearance was as if a greatly elongated pedicel or 
flower stalk had sprung directly from a node of the mam stem. Where 
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one or two additional flowers appeared, they may have developed 
from accessory buds of the same internode, or possibly each repre- 
sented an additional internode, so greatly shortened as not to be dis- 
cernible.^ Occasionally the pedicels of two or three of these flowers 
were fused together (fasciated). Frequently two or three of these 
reduced fruiting branches arose from the same node of the main stem, 
the additional ones presumably by development from an axillary bud 
or from an axillary and an accessory bud, in addition to the single 
extra-axillary bud from which the fruiting branch at each node of 
the stalk normally develops.® The shortened fruiting branches 
were more nearly erect than the branches of normal Pima plants. 
This difference was due perhaps to the absence of the mechanical 
stimulus exerted by the heavier load of bolls on normal branches. 

The occasional occurrence of a small bractlike leaf on the reduced 
branch, ,such as may be seen near the top of the right-hand plant in 
Figure t, proves that the structure can not be regarded as a simple 
pedicel. Similar occurrences in Egyptian cotton plants were noted 
by Cook (5, p. 24) j who wrote: 

Hinall braotliko leaves or stipules are occasionally preseiit, even on straight 
steins, and sometimes the joint between the branch proper and the true stem or 
pedicel of the boll remains distinct, even when there are no leaves or stipules. 

McLachlan (^5, p. //), referring to fruiting branches reduced to 
one or two internodes which sometimes appear to arise in an axillary 
position at the same node of the main stem with a normal, extra- 
axillary fruiting branch, states: 

At the lowest nodes where such branches appear they normally bear a leaf 
opposite the flower bud, but at higher nodes the leaf may be abortive and the 
branch appear as a ver^^ long flower stem borne directly on the main stalk of the 
plant. 

The young plants illustrated in Figure 1 have produced only single 
flower buds at the summits of the short branches, but otherwise they 
show very well the striking character which distinguishes the variant 
from the normal Pima type. The latter is illustrated in Figure 2, 
representing a plant of corresponding age with fruiting branches 
extending to five developed internodes. It will be noted that the 
normal plant bears a leaf as well as a flower at each node of the 
fniiting branch (fig. 2), while the shortened fruiting branches of the 
variant are leafless or practically so. (F'ig. 1.) 

INHERITANCE OF SHORT BRANCH IN A CROSS WITH NORMAL 

BRANCH 

In 1926 emasculated flowers on a plant of a Hma family having 
normally developed fruiting branches were pollinated with pollen 
from a plant in the first inhered progeny of the short-branch family. 
The normal Pima parent was of a progeny representing the twelfth 
successive inbred generation. For 12 years this family (PH-8) and 
others descended from plant P-1, self-pollinated in 1914, had furnished 
the parents representing typical Pima in crosses made for studying 


* Beferring to a condition sometimea found in the fruiting branches of the so-called “cluster cottons’* 
(upland type), Cook states (5, p, IS): “The leaf buds that normally continue the ^wth of the branches 
are sometimes replaced by flower buds, or adjacent leaf buds may be aborted and fall off, so that the branch 
.soon ends with a flower or a boll and no more joints can be added.” 

• A similar situation is described by Cook Of, P. iS) as follows; “ Sometimes the normal extra-axillary 
fruitini; branch is also replaced by a single flower bud, so that three flower buds may appear to come from 
each of the nodes of the main stem instead of the more normal complement of a limb and a fertile branch.” 

12399—30 3 
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the inheritance of various characters {17, 18). It had been_ under 
close observation during all this time and had shown no indication 
of the short-branch character. The same was true of the progenies 



Figure l —Two iTidividuals of the short-branch family of Pima cotton grown in 192K, represent- 
ing the fourth generation of descent from the original select ion . The fruiting branches are reduced 
to a single internode and are nearly erect. (Photographed July 31) 


representing the thirteenth, fourteenth, and fifteenth inbred genera- 
tions of family PH-8, grown in 1927, 1928, and 1929. In the 1928 
progeny none of the 12 plants had fewer than five well-developed 
Intemodes on the longest fruiting branch. On the other hand, 
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the 11 individuals of the short-branch parental progen^^ grown in 

1928 and the 4 individuals of the corresponding progeny grown in 

1929 bore no fruiting branches having more than one internode. 

An Fi progeny of the cross was grown in 1927, but only two plants 
survived. Most of the fruiting branches on these plants were reduced 



Figure 2.— A typical plant of Pima cotton (family PH~8) of the same age as the plants shown in 
Figure 1 grown in 1928. The longer fruiting branches have five well>developed internodes and 
are much less nearly erect than in the short>branch plants. (Photographed July 31) 

to a single internode, but some of the branches on both plants had 
two welE-developed interhodes and on one of the plants a branch of 
three intemodes was produced. The branches that had two or three 
internodes were more spreading, hence more nearly normal in direc- 
tion, than the 1-intemode branches. 
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An F 2 progeny of 48 individuals was grown in 1928 from seed 
OToduced by strictly self-pollinated (bagged) flowep on one of the 
Fi plants. These plants were classified on the basis of the number 
of internodes of the fruiting branch which had the greatest number 
of internodes on the plant in question. The resulting frequency 
distribution is given in Table 1 . 


Table 1. — Classification of the F 2 progeny of the cross normal branchy. short 

branch,” 1928 



Frequency distribution for number of intemodes of the 
i fruiting branch having the highest number on the plant in 

Classification 





Number 
of plants 

question 





! 

Short 
(1 inter- 
node) 

Interme- 

Normal 

1 

2 

3 

4 


6 

diate (2 
or 3 inter- 
nodes) 

<4 to 6 
inter- 
nodes) 

4R 

14 

20 

8 

j 1 

2 

1 

3 

14 

28 

1 



The classification in the last three columns of Table 1 was made 
on the assumptions that all individuals having no fruiting branches 
with more than 1 intemode were homozyg:ous for short branch, that 
all individuals on which the longest fruiting branch comprised not 
fewer than 4 intemodes were homozygous for normal branch, and that 
the remaining individuals, which resembled the Fi plants in having 
not more than 2 or 3 intemodes on the longest fruiting branch, 
were heterozygous. On the assumption of a 1 : 2: 1 ratio, the numbers 
expected in a population of 48 are 12:24:12, while the numbers ob- 
served were 14 :28:6. for the departure from the assumed ratio is 
4.000, and taking n (^—1,) as 2 , the value of P by Fisher^s table of 
■xf (^, Table S) is approximately 0.15. The indication, therefore, is 
that the short-branch character is conditioned by a single gene. 
The fact that the F 2 plants classed as intermediate resembled the 
two Fi individuals grown in 1927 leads to the conclusion that there 
is no dominance in the heterozygous condition. 

To test these assumptions, F3 progenies were grown in 1929 from 
seed produced by flowers bagged on eight of the F 2 plants of 1928. 
Two of these represented the short-branch class, four the intermediate 
class, and two the normal-branch class. The classification of these 
F3 progenies is given in Table 2 . 

With the exceptions noted in the footnote to Table 2 , the diagnosis 
of the F3 plants was easily made. It is believed that the classification 
given in the last three columns is accurate, since it was arrived at by 
considering the plant as a whole and laying not too much stress on 
the single criterion of number of intemodes in the longest fruiting 
branch. In accepting this classification, it is seen that the two F2 
individuals selected as short branch and the two F 2 individuals selected 
as normal proved homozygous, there having been no segregation in 
their F 3 progenies. On the other hand, all four of the F 2 individuals 
which had been selected as intermediate were heterozygous, having 
produced F3 progenies in which all three classes were represented. 

The nunlbers of plants in the individual F3 progenies are too small 
to give consequence to the ratios, taken singly. It is permissible, 
however, to combine them as one population, since thw are all 
descended from a single cross and from a single selWertilized Fi plant. 
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On this basis, in a population of 56, there were 15 short-branch, 31 
intermediate, and 10 normal-branch plants, whereas the numbers to 
have been expected with a 1:2:1 ratio are 14, 28, and 14. of the 
departure from the expected ratio is only 1.537, and the indicated 
value of P is approximately 0.45. The chances therefore are about 
even that the departure is due to random sampling and would dis- 
appear if a larger population were available for classification. 

Table 2. — Classification of the eight progenies of the cross ^‘normal branchy, short 

branchy’* 1929 





Frequency distribution 

of 



Fi prog- 

Niim- 


Fa for number of Internodes 
of the fruiting branch hav- 
ing the highest number on 

Classification of Fa on 
the same basis as Fa « 

eny of 
Fa No 

her of 

('lossibcatiun of Fa parent 

the plant in imestion 




plants 










1 

i 

2 1 3 1 4 

1 1 

1 

.1 1 H 

1 . 

7 

Short 

1 

in“fateiNormal 

(i 

H 

_ - ^ 

Short 

14 


1 


14 

u ! 0 

14 

15 

..do - 

14 

i i'....'.... 

! 


J5 

0 < 0 

5 

14 

Intermediate.. 

7 

' 3 ' 2 

1 ' 1 



5 ' 2 

8 

14 

do 

4 

1 , 1 ' 4 

3 ' 1 


4 

5 ! 4 

11 

15 1 
13 1 

do 

3 

4 4 12 

11.. 

i 

3 i 

11 ' 1 

15 

.. ..do 

1 

1 1 II 2 i 

2 1 


1 1 

9 : 3 

21 

35 

14 

Normal 

1 1 

1 J 4 1 

1 6 4 


0 1 
0 1 

0 1 14 

0 < 14 

1 

14 1 

i 

. do i 

1 

1 

t 

xj 

[8 5 

L -J _ 1 



a With the following exceptions: All individuals in the segregating Fj progenies 5, 8, 11, and 15 which had 4 
internodes on the longest fruiting branch also bore typical short branches of 1 internode only. The same 
was true of the individual in progeny 15 which had 7 internodes on the longest fruiting branch, the branch 
in question having been abnormal and partly metamori»hosed into a vegetative branch. These 11 plants 
were classed as intermediate and only those individuals in the 4 segregating progenies which had 5 or 6 
internodos on the longest fruiting branch were classed as normal. None of the latter plants bore any 
siiort (1-internode) branches, and thus they resembled all of the plants in the normal nonsegregating 
progenies 21 and 35 In progeny No 15 one plant had several branches of 2 internodes Since the other 
branches had only 1 internodo. and since the 2-mternode branches were otherwise of short-branch character, 
it seems reasonable to classify this individual as short and to regard the progeny in which it was the only 
aberrant plant as homozygous for short branch, notwithstanding the fact that no fruiting branches of more 
than 1 internode have been observed on any oi the inbred descendants of the original short-branch plant. 

The evidence from the third-generation populations strengthens 
materially the conclusion that short branch originated by mutation 
of a single gene. It may be added that no indication of linkage of 
this gene with any other "has yet been discovered. So far as has been 
observed, the inbred descendants of the original short-branch plant 
and the segregates of this class in F 2 and F 3 of the cross are quite 
fertile and do not differ from the normal Pima family in any characters 
not attributable to the gene for short branch. 

SUMMARY 

Few characters of the cotton plant are known to be inherited in a 
definitely alternative manner. An addition to the short list of such 
characters, short branch, is described in this paper. 

A plant showing the character was discovered in 1924 in a field of 
Pima Egyptian cotton in Arizona. The fruiting branches of this 
plant were reduced to a single internode which was leafless or prac- 
tically so. Frequently two or three of these branches appeared at 
the same node of the main stem. From one to three flower buds 
were borne at the summit of the single internode. The character 
has been expressed uniformly in the inbred descendants of the original 
short-branch plant during four generations. 
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A cross was made in 1926 between a plant of an inbred Pima 
family having normal fruiting branches comprising usually five or 
more internodes and one of the short-branch plants. Only two 
plants survived in the Fi progeny of the cross, and these showed an 
intermediate condition, bearing fruiting branches of from one to 
three intemodes. 

In the second generation there was segregation into three classes — 
short branch, intermediate, and normal or long branch. The pro- 
portions of the several (Jasses suggested a 1 ; 2 : 1 ratio, indicating 
absence of dominance in the heterozygous condition. 

Third generation progenies were grown in 1929 , representing two 
individuals of each of the presumably homozygous classes in F2, 
and four individuals of the presumably heterozygous (intemiediate) 
class. The short-branch and the normal F2 individuals bred true, 
while all of the F2 plants selected as being probably heterozygous 
produced segregating progenies. Taking the four segregating F3 
progenies as one population, the departure from a ratio of 1 short 
oranch : 2 intermediate : 1 normal was insignificant. 

The evidence seems complete that the expression of the character 
^^short branch depends upon a single gene and that there is no 
dominance in respect to this character. 
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RELATION BETWEEN MOISTURE CONTENT OF THE 
WOOD AND BLUE STAIN IN LOBLOLLY PINE ^ 

By Reginald H. Colley, formerly Pathologist^ and Caroline T. Rumbold, 

Associate Pathologist, Office of Forest Pathology, Bureau of Plant Industry,'^ 

United States Department of Agriculture 

INTRODUCTION 

It is common knowledge that green sap lumber will become badly 
discolored by staining fungi unless the moisture content of the wood 
is reduced by drying the lumber at a fairly rapid rate. At certain 
seasons of the year, varying in different regions of the country, the 
general weather conditions are distinctly unfavorable for drying lum- 
ber. During such seasons blue staining is inevitable unless the lum- 
ber is treated with chemicals that prevent the development of the 
staining organisms, or unless drying is speeded up artificially by the 
use of dry kilns. At all seasons of the year control of the moisture 
content of the lumber is the most important phase of blue-stain pre- 
vention. 

Neither the upper limiting moisture content at W’hich the staining 
fungi will grow nor the optimum moisture content for their growth 
is of immediate interest from a practical standpoint in handling 
lumber. The low^er limiting moisture content is, however, of para- 
mount importance. Munch ^ determined that this lower limiting 
moisture content w^as approximately 28 per cent, based on the oven- 
dry weight of the wood, for Pirivs sylrestru in Europe. The purpose 
of the present paper is to give the results of a series of accurately 
controlled tests to find the moisture content of the sapw'ood of one 
of the native American w’oods, loblolly pine (P. taeda L.), below^ 
which blue stain would not occur. 

METHOD OF EXPERIMENTATION 

The wood used for the tests came from a second-growth tree felled 
near Mize, Miss., in Idte November, 1925. A short log was cut from 
the bole at a point about 7 feet from the ground. The ends of the 
log were coated with heavy paint to retard moisture loss. The log 
was then shipped to Madison, Wis., where it was stored in the open 
for about four months until it was cut into test sticks. During this 
storage period little, if any, evaporation of moisture took place. In 
fact, the w^ater in the w ood froze and remained in a solid state until 
the log w^as cut in the mill. Except for a small central core of heart- 
wood, the log was all sapwood. So far as could be determined, no 
infection with blue-stain organisms or wood-destroying fungi took 
place between the time of felling and the time of test. 

The test sticks w^ere prepared as follow^s: A bolt 2}i feet long was 
cut from the butt end of the log. The lower 6 inches of this bolt 
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^MOnch, E. die blattfAule des nadelhoues. Naturw. Ztschr. Forst u Landw. 5: 531-7.3, iJlus , 
1907; 6: 8JM7, {2971-323, lllus., 1908. 

UNTERHUCBVNGSN OBKH mMUNlTXT TNP KRANKHF4T8EMPFANOLICIIKEIT DER 110I.7.rFLAN/.£N. 

Naturw. Ztschr. Forst U. Landw. 7 : 54-75, 87-114, 129-ieO, illus., 1909. 
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were cut off and discarded. The freshly exposed lower end of the 
bolt was stained with a dye to facilitate the orientation of the indi- 
vidual boards as they came from the saw. The bolt was then quarter- 
sawed into nominal 1-inch boards. Every board was numbered as it 
came from the saw. 

Each board was dressed in an accurate planer to a thickness of 
three-quarters of an inch. The sapwood of the boards was then laid 
off into test sticks, each of which w’^as properly numbered. The test 
sticks were cut out carefully with a fine-tooth saw so that their 
width was as near three-fourths of an inch as possible. By this 
method a large number of sticks approximately 2 feet long and three- 
fourths by three-fourths inch in cross section were obtained. 

These sticks were then cross piled openly in a conditioning room 
where the relative humidity was maintained at approximately 60 
per cent. The relative humidity varied slightly, the lowest point 
reached being 58 and the highest 72 per cent. The temperature in 
the room remained close to 80° F., reaching a low point of 75° for 
only a short period. Preliminary tests showed that the wood dried 
so quickly under these conditions that after four days the moisture 
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Figure ] —Diagram showing the method used in cutting out the 4-inch moisture samples (a; 
and the 9*inch test sticks (6) . The end pieces marked t were discarded 


content had been reduced to approximately 14 per cent. This mois- 
ture content was known to be too low to support the growth of blue- 
stain fungi. Arrangements were therefore made to prepare some of 
the sticks for inoculation as soon as practicable after they were cut, 
and to remove others from the drying room for inoculation at short 
intervals after they had been placed therein. This procedure proved 
satisfactory. A series of test sticks with moisture content ranging 
from approximately 124 per cent to 14 per cent moisture content, 
oven-dry basis, was obtained. 

The individual test sticks were cut from the 2-foot blanks, as shown 
in Figure 1. The middle part of each blank was laid off with the 
aid of a template into a 4-inch stick (fig. 1, a) to be used for deter- 
mining moisture content and specific gravity, and a 9-inch test stick 
(fig. 1, 6) to be used for inoculation. The 4-inch stick and the 9-inch 
stick were given the same identifying number and then cut. The 
pieces cut from the ends of the blank (fig. 1, jr) were discarded. 

The 4-inch and 9-inch sticks were placed in test tubes stoppered 
with cotton and then autoclaved 30 minutes at atmospheric pressure 
at a temperature of 100° C. After cooling, the 4-inch sticks were 
weighed. They were then dried to constant weight at 100° to 106° 
and weighed again. The percentage of moisture content, oven-dry 
basis, was later determined, in the usual manner. Immediately after 
the dry weight was taken the dry samples were plunged into melted 
paraffin to prevent absorption of moisture. The volumes of the paraf- 
fin-coated sticks were determined by immersion in water in a finely 
graduated glass cylinder. The specific gravity of the sticks was 



Sept. 1,1930 Relation Between Moisture of Wood and Blue Stain 391 

calculated on the basis of the oven-dry weight and the oven-dry 
volume. 

It may be pointed out that a certain assumption is necessary in 
applying the results of the moisture content and specific gravity 
determinations made on the 4-inch sticks to the 9-inch test sticks. 
This assumption is that the moisture content of the smaller and larger 
pieces bearing like identifying numbers was the same after the 
samples had been autoclaved. The error in applying the specific 
gravitjy^ value of the smaller stick to the larger stick can be considered 
negligible. There may, however, have been a slightly larger loss in 
moisture content during autoclaving for the 4-inch stick than for the 
9-inch test stick. The actual difference in the moisture content of 
any two like samples, however, is believed to have been slight, and it 
has been disregarded. 

As soon as they had cooled, the 9-inch test sticks were inoculated 
with a strain of Ceratostomella piliiera which had been isolated in 
August, 1924, from the sapwood of loblolly pine. The infected wood 
came originally from North Carolina, but it is not kno>vn Avhether 
the log became infected there, during transit, or after it arrived at 
Madison. 

The spores used for the inoculations vrere ascospores removed by 
a sterile needle from the tips of perithccia produced in a test tube on a 
malt-agar culture medium. The method of inoculation was as 
follows: A heavy suspension of spores was made in a small quantity 
of sterile water, and the spores were then transferred to the four sides 
of the test stick by means of a long platinum lu^edle. An effort was 
made to distribute the spores from the top to the bottom of each side 
of each stick. No water other than the minute drops which clung to 
the platinum needle was added to any of the tubes either at the time 
of inoculation or later, so that it may be assumed that the inoculation 
method did not result in any significant increase in the moisture 
content of the inoculated sticks. The tubes containing the test 
sticks were capped with cotton pads held in place by pieces of cotton 
cloth tied down with string. They were placed in an upright position 
in a room wdth an average temperature of 78° F., and relative humidity 
of 82 per cent. 

Within 24 hours after inoculation the mycelium of the fungus could 
be observed along the track of the needle in the sticks having a 
moisture content high enough to support growth. Wliere the mois- 
ture content was distinctly favorable the development of the mycelium 
was rapid, and the sticks were completely enveloped in 21 days. 
The white mycelium soon became gray, and perithecia appeared in 
a few days. Where the moisture content was less favorable the 
mycelium was less luxuriant, the change to the typical gray color was 
retarded, and the formation of the perithecia was delayed or pre- 
vented. On sticks with relatively low moisture content the mycelium 
was concentrated toward the lower half of the stick, the upper part 
of the stick remaining clear. 

EXPERIMENTAL DATA 

Table 1 is made up of values for 48 apparently representative test 
sticks, calculated from the respective 4-inch moisture samples. 
Specific gravity, moisture content, and relative distribution of air, 
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wood substance, and water, expressed as percentage on a volumetric 
basis, are shown, together with the actual figures from which these 
values were determined. The values in columns 10 to 17 were ob- 
tained by the method described by Hartig ^ and used by Munch ® 
in his description of the air, wood substance, and water relations in 
Pinus sylvestris. The figure 1.531 for the density of the actual wood 
substance in grams per cubic centimeter used in column 10, was 
specifically determined by Stamm ® from two samples of wood from 
the P. taeda under test, representing, respectively, material of low and 
high density. It differs but slightly from the value of 1.55 found 
by Hartig and used by Miinch. Hartig’s value 0.55, representing 
the percentage of water that would be absorbed by the wood sub- 
stance, was accepted as approximately correct, ana it was used to 
calculate the relative amounts of imbibition water and of free water 
shown in columns 16 and 17. These calculations give a somewhat 
higher value for the fiber saturation point than has been determmed 
by experiment. By using the numbers under the column headings 
to represent the values in the columns themselves, excepting the 
values 1.531 and 0.55, the method of calculating the values may be 
explained as follows; 

7 = 3-4; 8 = ^; 10= j 11 = 10 + 7; 12 = 6-- (104 7); 13 = ^|; 

14 = ~; 15 = g; 16-10X0.55; 17 = 7-16. 

The volume values in column 6 were calculated from data obtained 
from 52 additional 4-inch samples cut from blank sticks that were not 
used in any part of the preceding inoculation test. These sticks were 
prepared, however, at thfe same time and in the same machines as 
those used for the inoculation test. The 4-inch samples were laid out 
with the same template and cut with the same saw. Careful measure- 
ments and weighing showed them to be representative. Their vol- 
umes were determined by measuring the size of the samples with a 
steel scale graduated to 0.01 of an inch^ The 4-inch samples had a 
range in moisture content from 102 per cent to 1 1 .2 per cent. These 
values were plotted against the measured volumes and a curve drawn 
from which the average volunie at any given moisture content could 
be read directly. The approximate average volume values were then 
inserted in column 6. It is obvious that this method is arbitrary. 
The volume in column 6 opposite laboratory number 35, for example, 
is not the actual volume of the 4-inch sample numbered 35, but the 
average volume of a 4-inch sample with an approximate moisture con- 
tent of 25.4 per cent (column 8). The maximum error introduced by 
the use of an average instead of an actual volume value appears to be 
approximately 2 per cent at the wetter end of the series and 4 per cent 
at the drier end of the series. The difficulties in obtaining actual 
volume values for the sterilized test sticks at the beginning of the test 
are so great that the use of the arbitrary average value seems to be 


< HaRTIO, R., t^BKB DIE YERTHBILUNO DBR OBOANISCHEN 8UBSTAMZ, DBS WAS8BB8 UND LUFTBACMBS 
JS VB8ACHB DEB WASSBBBBWBGUNG IN TRANSmiRBNDEN PYLANZBN. U2 p. 

1^. ^j^Untersuchungen aus dem Forst-botanlschen Institut zu Muoheu U.) 

» * AuL absorption bt wood, and pebmbabilxtt of wood. 

Jotir. roys. CnBin. 33: [399JH114, ulus. 1920. 
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justified. The error, whatever it may bo, is carried over into columns 
12, 13, 14, and 15 and into the graphic representation of the values in 
the last three of these columns. (Fig. 2.) 

Table 1. — Specific gratfity, moUture content^ and relative proportions of air, wood 
substance^ and water in the test sticks at the beginning of the test 


A. 


L. . 

M. 

N. . 
O . 

P-.. 

Q 

H.,\ 

s. 

T 





•I 

1 




A 








d 




> 




0 

d 




Z 

>> 

1 


A 

bc 

> 

g 


'£ 

Z 

0 



if 

<c 

2 

& 

St 

5 


2 

s 

4 

5 


Om. 

Om. 


/ 1 

:i9. 14 

17 ,50 

0 522 

\ 2 

40 00 

18 47 

. 5:15 

/ 3 

40 42 

18 91 

. .5,5fi 

1 4 

.18 11 

17 85 

-.541 

! 

36 40 

17 80 

..524 

1 6 

38 00 

18 75 

. .551 

J 7 

37 .51 

18 92 

.573 

1 8 

38 40 

19. 60 

613 

9 

38. 0.5 

20 17 

<130 

(10 

:i6 91 

19. ,56 

630 


36 53 

19 :i6 

,V)9 

lt2 

:i7 10 

19. 81 

619 

13 

33 33 

19. 10 

.538 

jl4 

33 70 

19 .50 

. .565 

15 

32 43 

19, 20 

, ,565 

(16 

;io 02 

18 04 

.547 

17 

32. 22 

19. 42j 

,598 

(18 

31. :i8 

19. 9()i 

.603 

19 

31. W) 

20 26! 

.588 

I2O 

27. 63 

18 41 

.558 

21 

29. .53 

19. 68 

, .596 

(22 

22 80 

15. 62 

.504 

(23 

24 21 

16. 59 

510 

/24 

27. 00 

18. ,57 

. 563 

\25 

27.80 

19. 37 

,587 

26 

26. 92 

19.28 

. .567 

(27 

24 72 

18 24 

570 

(28 

22. 10 

16.90 

.,504 

29 

23 03 

17 93 

. 552 

(30 

22.00 

17 17 

.,536 

81 

23. 35 

18 :46 

. 574 

32 

23.91 

18.95 

. 557 

33 

22.92 

18 21 

.560 

ll4 

21. 67 

17.24 

.530 

/35 

i 22.65 

18 07 

.548 

136 

23.67 

18 90 

.501 

37 

23.00 

18 44 

.,576 

38 

24.23 

19 .52 

! . 621- 

39 

24.04 

19.39 

.570 

- 40 

23. 17 

18.69 

.623 

41 

24.28 

19. 76 

.598 

(42 

19.88 

16. 21 

.514 

43 

2:1.06 

18.01 

.610 

f44 

19. 65 

16.40 

.492 

\46 

20.90 

17.31 

.525 

46 

21.81 

18.58 

.562 

f47 

22.46 

19. 55 

.611 

148 

22.30 

19.56 

.631 









XJ 




V 


a 


> 


0 

9 

0 


S 

c 

a 


s ! 

9 

; 


is 

flS 

3: 


o 

t 

' 2 i H 

j W I « 

i c . *0 


(' c 
37. 0 
37 (), 
.j7 0 
37.0 
37. 0 
37 0 
37 0 
37 0 
37 0 
37 0: 
37 0 
37. 0 
37. 0; 
37.0 
37 0 
37. 0 
37 0 
37.0 
37 0, 
37 0; 
.37 0 
37. 01 
37 0! 
37 0’ 
37 0 
37. 0' 
37 0, 
30. »: 
3f» 9 
30, 8; 
30 8‘ 
30.8 
36. 7! 
30 7! 
36 7i 
30. 7t 
36. 6 
30.0. 
36. 51 
36. 5| 
36.3, 
30. 3I 
36.3! 
36. li 
36.0; 
35. 4! 
34.9! 
34 g! 


C. c 
21 04 
21 53 
21 51 
20 26 
IS 60 
19 25 
18 .W 
18 80 
18 48. 
17. 3.5' 
17 17, 
17 29 
14 38' 
14 20 
13. 23 
11,98* 
12 80, 
11 48, 
11 32 
9 22' 
9 85| 
7. 18 

7 02' 

8 43; 

8 43 
7. 04! 
0.48' 
5. 20! 
5. lOj 
4 83 
4 99 
4 90 
4.71 
4. 43 
4 58' 
4 77 
4. .56 
4.71! 
4 65. 
4 48' 

4.5:1 

3.67' 
4. 15; 
3 46' 
3. 59 
3 23 
2.91) 
2.74; 


- i 

Per ! 
cent 
1-23 : 

110 0 53 8 
113 8] 5:1 2 
113 5 53 2 
104 
102 
98 3; 49 6 
95 9, 48 9 
91 0: 47 8 


Per 
cent 
55 3 


51. 1 
.50 0 


47 0 
47 0 


87 3 40 0 
74 5' 42 7 
72 8* 42 1 
08 9 40 8 
00 4 :19.9 
05 9, :i9 7 
57 7 30 0 
.55 8 35 8 
.'lO I :13 4 
.50 1 33 3 
40.0 31 5 
45 9 31 5 
4.5.4 31 2 
43. 5i .30 3 
39 6. 28 4 
35 5' 20, 2 
30. 8' 23 5 
28 4' 22 1 

28 r 22.0 

27 21 21.4 
26, 2j 20 7 
25, 9i 20 5 


25 
2.5.4 
25 2 
24.7 
24.1 

24.0 
24 0 

22.9 
22.6 

22.0 
21 0 
20 . 
17 4 

14.9 
14.0 


20 4 
20.2 
20.2 

19.8 
19.4 
19.3 

19.3 
18 7 
18 5 
18.0 

17.3 

17.2 

14.8 
12. 97| 

12.3 




ta 

is 

5: 

10 


C.c.' P c 
H 43! .33 07 
12 00, .59] 

12 3.5 33 85| 
11 05' 31 91 

11 02 30 22 

12 2.5; 31 50 
12.3.5, :40 94 

12 80' 31 00 

13 10! 31. 04 
12.70 .30.11 
12 05! 29. 82 
12 94i 30 

12 47i 20 70 
12 74; 26 94 
12 .54! 25 

11 77| 23 75 

12 09* 25 49 
lo 00! 24 48 

13 24i 24. .55 
12.0.3! 21 25 
12 8.5! 22 70 
10 20! 17. 38 
10 83 18.45 
12 14 20 57 
12.6.51 21 081 

12.631 20 24 
11.90! 18 38 


c ^ 

S 2 

a ^ 

,EL -L 


11. 04| 
11.70 
11.21 
12.00 
12.38 
11 90 

11 25 
11.80 
12. 35 
12. 05 

12 75 
12.05 
12 20 
12.90 
10.59 
12.35 

10.76 
11.30 
12. 14 

12.77 

12. 78 


16 24 
16.80 
16 04 
16. 99 
17. .34 
16 61 
15.681 
16. 381 
17. 12! 
16.61 
17.46 
17. m 
16,58 
17. 43 
14.26 
16. .50 
14.22 
14.89 
15.37 
15.68 
15. 52 


r.c. 

3 93, 

3 41 1 
3 141 

5 09; 

6 78* 

5 50j 

6 (M* 
5 40 

5 ;i6i 

6 89! 

7 18 
6 77 

10 :«» 
10. 061 

11 23! 

13 25! 

11 51' 

12 .521 
12 44 

15 7.5j 

14 30! 

19 62* 

18 55' 

16 43i 

15 92 
16. 76 
18 62 

20 66 
20. 10 
20.76 

19 81 
19.46 

20 09 
21.02 
20. 32 
19. 58 
lu.99 
19. 14 
19.2 
19.82 

18.87 
22 04 
19.80 

21.88 
21.11 
20 03 
19 22 
19 28 


13 

Per 
cent 
10 t 
9 21 
8 

13 8| 

18. 3| 

14 

16 4 
14 6 
14. 5 
18 6 
19 4 
18 3 

27.8 

27. 2 
:io. 3 
35 8 
31 1 
33 9 

:w 6 

42 6 
38 

M Oj 
.50, 

44 4 

4:1 0 

45.3 

50.3 
.56 0 
.54 5 
.56.4 
5:1.8 

52.9 
.54 8 
57 2 
55 4 
.53.4 

54.6 
52 3 
.52. 6 

54.3 

52.0 

60.7 
.54,6 
60.6 
.58.6 
56.6 

55. 1 

55.4 


I : s 
I ! I 


Per j 
cent j 

30 91 

32 6l 
;13. 4i 

31 51 
31. 4| 
:i3 1 

33.4 

34 6 

35 6 
34 5 

34 2 

35 0 
.33. 

34 4 

33 9 

31.8 
:14. 3 

3.5. 1 
3.5. 8! 

32 .5i 

34 

27.6 
29 3 
32 8 
:i4.2 
:14.0 
32 2 

29 9 
31 7 

30.5 
:i2.6 
:i3. 6 

32.4 

30 7 

32.1 

33.6 

32.9 
34 8 

34.7 

3.3.4 

35.5 

29.2 
34.0 

29.8 

31.4 

34.3 

36.6 

36.7 


i I 


^ 1 - 


14 , 15 


16 


Per • 
cent , 
.58 .5, 
.58. 2i 
.58 1; 
.54 7 
50 3, 
.52 Oj 
.50 2i 
.50 8 
49 91 
46. 9! 
46 4; 
46 7 1 
38 .5; 
38 4! 
:i.5 8! 
:>2 4' 
34 6| 
31 Oi 
.30 6' 
24 9: 
26 6! 
19.4 
29 6 
22 8 
22 8 
20 7 
17 5 
14 1! 
13 8j 
i;i.li 
13 6.1 
13 .51 
12. 8 
12 1 
12 5 : 
13. Oj 
12. ,5! 
12 91 
12. 7, 
12 31 
12, .5,' 
10 . 1 
11. 4| 
9. 6 
10. 0 
9. I 
8 3l 
7.9| 


Qm 
6.21 
6 6 :>| 
6 8t| 
6 41 


Gm 
15 35 
14 90 
14-71 
. 13 85 
6.31'! 12 21 


6. 74 

6 8OI 

7 04 

7. 24 
7. 02! 

6 9f 

7 12i 
6 8f 
7.01 
6 90 
6 47; 

6 98 
7.15 

7 28 
6 62 
7.06 
5.61j 

5 96i 

6 68 | 
6 961 
6,93! 
6. ,54 

6. 01; 
6.44I 
6. 16! 
6.60i 
6 81 
6 .54 
6. 19 
6 49 
6. 801 


12 .51 
11.79 
11 76 
11.24 
10 ;« 
10 21 
10 17 
7 37 
7. 19 
6. 33 
5 51 
5 82 
4 33 
4 06 
2 60 
2.79 
1..57 
1.66 
1.75 
1 47 
.71 
-.06 
-.87 
-1 34 
1-1.33 
1.61 
1-1 85 
1-1.83 
•1.76 
i-1 91 
_ i-2,03 
6 621-2 06 
7. 011-2.30 


6.96 
6 71 
7. 10 
5.82 
6 80 
5. 92 
6.22 
6 68 

7.02 

7.03 


2. .31 

-2 2:1 

-2.57 
-2. 15 
-2.65 
-2 46 
-2.63 
-3. 45 
-4. 11 
-4. 29 


« EquivaleDt to volume of water in cubic centimeters (temperature change disregarded). 
^ Computed from adjoining 4dnoh segments. 

« Equivalent to volume of wood substance in cubic centimeters. 

Equivalent to volume of wood substance plus volume of water in cubic centimeters. 

' Equivalent to volume of air in cubic centimeters. 



394 


Journal of Agricultural Research 


Vol. 41, No. 5 


The points plotted on Figure 2 represent the values on a volumetric 
basis for the percentages of air, wood substance, and water that are 
given in Table 1 . The curves were drawn by inspection. Two sets 
of moisture-content percentage values based on weight are listed on 
the X axis, and the percentage of moisture content based on volume 
is indicated on the y axis. The method of plotting used makes the 
relation among the three ways of stating moisture content fairly clear. 
However, since there may be many readers who are more or less 



Figure 2. Relative volumetric distribution of air, wood substance, and water in the test sticks 
at the beginning of the test 


unfamiliar with the two more common methods of expressing moisture 
^ntent on a weight basis, it has been thought best to include Figure 3. 
The curves in this figure show at a glance the relation between 
moisture-content percentages based on the weight of the oven-dry 
wood and moisture-content percentages based on the weight of the 
wet wood. 

Table 2 ^ves a general description of the test sticks at the end of 
the test. The laboratory number and moisture content data are the 
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same as in Table 1. Tables I and 2, Figure 2, and Plates 1 and 2 
should be studied together. Moisture content interpolations can be 
made with the help of Figure 3. 

Table 2. — ReHidts of the expenments on the inoculation of loblolly pine of different 
percentages of moisture content with a strain of Ceratostomella pilifera 
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.3.5 

.. do - 

Do. 

E 

9 

91 6 

36 


Do 


10 

88 7 

3.5 

. do.... - . 

Do. 

F 

11 

88.7 

3.5 

do. 

Do 


12 

87 3 

3.5 

- do 

Do 


1.3 

7 4 .*» 

34 

. . do , 

1 )o. 

(1 - . . 

14 

72 8 

34 

do ... - i 

Do 


1 .*» 

68 9 . 

34 

. do .... ... ... 

Do. 


f 16 

66 4 i 

.u 

do ... . - - 

Do 

H || 

17 

Vtfi 9 1 

34 

do ... . 

Do 


18 

'>7 7 1 

34 

do 

Do. 


19 

.S.-i 8 i 

:40 ' 

do... 

Do. 

i 

1 20 

50, 1 

:i3 

... do 

Do. 

1 1 

1 21 

.50 1 

.33 

.. ..do 

Do 

I !J 

22 

HI 0 

22 

. ...iio.. 

Do 

1 

1 23 

4.') 9 

22 

. .(io 

Do 

j . . 

1 

f 24 

1.5 4 

33 

Covered with white mycelium 

1)0. 

1 2r, 

43 ,5 

31 

. do 

Do. 

1 

( 26 

39. 6 

.13 

('oveied with light-gray myce- 

Do 

K . . . i 

1 

1 27 

3.5 .5 

22 

lium 

. -<lo. .... 

Do 

! 

1 28 

30 8 

22 

Lowei 8*4 iIlche^ covei-ed with 

Bottom 


While mycelium on bottom 
inch. 

. .. do.. 

Scant mycelium on bottom 23a 
inches. 

Scant mycelium on bottom H 
inch 

do - 


3 inches 
stained, inedinm 
Hot torn 61^ inchp.s 
stained, medium. 

Bt>ttoni 7 inches completely 
stained, medium 
Bottom 2 ' 2 inches completely 
stained, metlium. 

Bottom Us ii.clies completely 
‘.tained, me<iium. 

Bottom 2 inches 
st.dnetl, medium 
Bottom 2 inches 
stained, light. 

Bottom H inch 
stained, light. 

Bottom *4 inch 
stained, light. 

Bottom 2 inches 
stained, light. 

Bottom 1 inch completely .stain- 
ed, light, 
l-nslamcd. 

Do. 

Do. 

Do. 

Bottom H inch completely 
stained, light. 

Unstained. 

Do. 

Do. 

Do. 

Do. 


completely 

completel.v 


completely 

completely 

completely 

completely 

f*orapIetel5 


• Computed from adjoining 4-inch segments, 

^ Two experiments were ran; the first closed after 30 to 36 days and the second after 21 to 22 days, a period 
found sufficient for complete Interior staining. 
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The distribution of moisture in nine representative test sticks at 
the end of the tost is shown in Table 3, 

Table 3. — DiMribuhon of moisture (per cent) in soni'i of the test sticks at the end of 

the tests 


l^aboratorj 

No. 


9453 . -- 

9416 

9415 ... 
8437-. 
8433 - . 
9475 
9414 

9423 .... 
9413 


« Assumed to be same as that found in an adiat*ent 4-inch segment from the same stick. 

Determined from total dry weight and total water from the 9 segments 

Difference between the two preceding figures. 

DISCUSSION OF RESULTS 

Sticks A to G in Plate 1 arc covered with gray mycelium. Sticks 
H to K are covered with nt}a*clium that is not so dark. Stick L 
shows approximately 1 inch of clear wood at the top, and from stick 
M to stick R there is a rapid falling off in the height reached by the 
mycelium. On stick R the mycelium is reduced to little more than 
a trace at the very bottom. The moisture content values of sticks 
O to R at the beginning of the test ranged from 24.7 per cent down 
to 21.0 per cent, oven-dry basis. Stick S showed a scant white 
mycelium at its base which disappeared when the stick was handled. 
Stick T showed a white mycelium at its base, so tenuous and sparse 
that it had disappeared before the end* of the experiment. (PI. 1.) 
Data on the distribution of air, water, and, wood substance in these 
sticks are given in Table 1 . 

After the negative for Plate 1 was taken the sticks were sawed 
lengthwise. The freshly exposed surface of one-half of each stick was 
then planed, and the planed sticks were arranged (pi. 2) in the same 
order as they appear in Plate 1 . This method allows easy comparison 
between the exterior and the interior appearance of the sticks. It is 
evident from Plate 2 that sticks A to G were heavily stained through- 
out. Beginning with stick H there is a steady diminution in the 
amount of stain, with the last visible trace of discoloration showing 
at the bottom of stick Q. On the evidence j>resented in these two 

E lates it might be concluded that the lower limiting moisture content, 
elow which the staining organism would not develop, was approxi- 
mately 21 to 22 per cent, oven-dry basis. Table 2 shows that develop- 
ment of mycelium was very evidently retarded on sticks which had a 
moisture content at the beginning of the test of 24 per cent or less. 
The data in Table 3 help to explain these results. 


Moisture content of 1-inch segments of test sticks, oven- 
dry basis 



Bot- 

tom 

seg- 

ment 

! 

Seg- ! Seg- 
ment iment 

I 

Seg- ' Seg- 
ment ment 

Seg- 

ment 

Seg- 

ment 


1 

2 

3 

4 5 

6 

7 


2;i.9 

23. 1 

22 4 

20 0 20. 8 

19 7 

18 4 


37.6 

41.1 

39 3 

39 0 , 38. 6 

39.2 

40.0 


32.3 

35. 4 

35 5 

33. 5 1 34. 5 

34 0 

32 6 


40.6 

42 8 

44 5 

42.4 ; 39.7 

42.6 

' 40.2 


39.0 

40.0 

37 8 

36.4 37 5 

36.2 

34 5 


29 0 

28.2 

26 6 

25 4 22. 9 

22 3 

20.3 


34 4 

32.1 ' 

31. 1 

27. 5 1 27. 8 
30. 6 1 29 1 

26 8 

23,7 


32 7 

33 5 , 

31 6 

26 8 

24.5 


45 8 

43.9 ' 

1 

42.8 1 

41.0 1 43 0 

1 

42 7 

41.6 


Seg- 

ment 


16.0 

38.5 

30.6 

42.0 

35.0 

17.6 
20 6 
21 2 
42.3 


Top 

fieg- 

ment 


14 8 
40 1 
27.4 
39.6 
.30.6 
16 0 
17 4 

17.1 

39. 1 


Moisture content of 
whole stick, oven- 
dry basis. 

At be- 
ginning 
of test® 

At end 
of test® 

deduc- 

tion 

during 

test" 

22.6 

19.8 

2.8 

45.9 

39.3 

6.6 

35 5 

32.8 

2.7 

55.8 

41.6 

14.2 

50.1 

36.3 

13.8 

25.7 

23. 1 

2.6 

27 2 

26.7 

.5 

30.8 

27.5 

3.3 

46 0 

1 

42. 5 

! 

3. 5 


Dura- 
tion 
of test 
(days) 


21 

22 

22 

30 

39 

22 

22 

22 

22 



Relation Between Moisture of Wood and Blue Stain 


PLATE 1 



'rwenty representative test sticks at the end of the test, arranged in series to show the rela- 
tion between moisture content and the development of mycelium on the surfaces of the 
sticks. The moisture-content values of the sticks at the beginning of the test are marked 
on them. Complete data are shown in Tables i and 2 




Relation Between Moiature of Wood and Blue Stain 


PLATE 2 






.«ept. 1 , 1930 Relation Between Moisture of Wood and Blue Stain 397 


Stick 42, for example, had a moisture content of 22.6 per cent at 
the beginning of the test. At the end of the test the moisture content 
was found to be 19.5 per cent; that is, there was a loss of *3.1 per cent 
during the 21 days the test was run. Examination of adjoining 1-inch 
segments of the stick showed that there was a definite moisture 
gradient in the stick with a high moisture content of 23.9 per cent in 
the bottom inch and a low moisture content of 14.8 per cent in the top 
inch. At just what point in the course of the test this gradient was 
established is not known. It <»an be safely assumed that the gradient 
was not (’onstant. How the gradient was established seems reasonably 
clear. The loss in moisture content shown in Table 3 must have been 



Fioi're 3 — Kelation between moisture tonlenl iiercciitapes based on the weight of the oven-dry 
wood, and moistiire-c'ontent percentages based on the weigtit of the wrel wood 


caused by evaporation through the cotton pad and cloth. One would 
therefore expect the upper end of the stick to be somewhat drier than 
the lower end. There is another reason, however, for the higher 
moisture content of the lower end. Very slight changes in temperature 
caused a condensation of moisture on the inside of the tubes. The 
moisture collected in drops and ran to the bottom of the tube. Daily 
observation showed that this moisture was absorbed by the wood at 
the lower end of the stick. The two processes, evaporation from the 
top of the stick and absorption at the bottom of the stick, resulte>d in 
the establishment of the moisture gradient. In stick 42 the moisture 
content near the bottom at the beginning of the test or soon there- 

12399—30 4 
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after may have been several points in excess of the 23.9 per cent found 
at the end of the test. The moisture content was evidently high 
enough to support the growth of the mycelium for a time, but not 
high enough to result in staining the interior of the stick. (Table 2.) 

Table 3 shows that the gradient was sometimes steeper than in 
stick 42. In stick 34, for example, each of the lower 4 inches of the 
stick had a moisture content in excess of 25 per cent at the end of the 
test, although the moisture content for the whole stick was only 22.7 
per cent. Table 2 shows that the lower 2^2 inches of this stick were 
covered with mycelium and that the lower 2 inches of the stick w^ere 
stained inside. At the beginning of the test this stick had a moisture 
content of 25.7 per cent. Jt may be compared with stick N in Plates 

1 and 2, 

In sticks similar to stick 20 or 23 (Table 3), which are comparable 
to sticks I and J in Plates 1 and 2, and in sticks with a still higher 
moisture content the mycelium acts as a sort of wet blanket covering 
the surface, and in such cases moisture gradients are not likely to be 
established in tests running for so short a period as the duration of 
these tests. 

CONCLUSIONS 

From the tests it appears that the sapwH)od of taeda at a 

moisture content of 24 per cent or less, oven-dry basis, will not sup- 
port suflicient grow'th of this strain of Ceratofttornella pilifera to produce 
staining of the wood. At a moisture content of 24 per cent, oven-dry 
basis, which is equivalent to 19.3 per cent on the weMvood basis, 
approximately 53.5 per cent of the volume of the wood is air, 35 per 
cent is wH)od substance, and 12.5 per cent is wuiter, assuming reason- 
able accuracy in the methods used for determining the values shown 
in Table 1 . The dotted vertical line at 24 (oven-dry scale) in Figure 

2 marks the limiting conditions described above. A moisture con- 
tent of 24 per cent should not be considered as the absolutely fixed 
limit beloW' which blue stain wdll not occur. It may be assumed, 
howover, that the lower limiting value is somewhere near 24 per cent. 

Munch ^ concluded that when air jiiade up 61 per cent f>f the vol- 
ume and when the wood substance lacked 7 per cent (oven-dry woight 
basis) of being saturated the development of Ceratosiomella coenilea 
was practically inhibited in Pinm (nylrestrifi. The moisture content, 
oven-dry basis, calculated for these conditions from the values given 
in his Table 1 was 28. He says, however, that the fungus developed 
in the lower third of his test block and that the upper part of the block 
remained unstained. There is at least a possibility, judging from the 
results of the tests on P. taeda^ that the lower part of the block used 
by Miinch also had a moisture content in excess of 28 per cent. At 
any rate he mentions the fact that evaporation from the low'er part 
of the block wras somewhat retarded. Considering the possible effect 
of the difference in species of wood and the strain of fungus used, the 
results obtained on P. taeda clieck very wtII with the results on 
P. sylvestris. 

From the growth reactions of Ceratostomella pJifera in culture on 
Pinus taedn in the laboratory, and from field observations in the 
southern pine area, it appears very probable that blue-stain fungi are 


7 MCnch, E. Op. cit. 
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not likely to grow if the moisture content of the outside layers of 
cells is 24 per cent or below, provided the relative humidity is low. 
The moisture content of the interior wood might conceivably be higher 
than 24 per cent for a while at least; but if the moisture content of 
the outside of the wood is too low to support growth, a reduction in 
the amount of blue-stain infection is certainly possible. In exces- 
sively damp or rainy weather the outside layers of cells might have a 
moisture content of 25 per cent or more although the interior of the 
wood remained for a time somewhat drier. ITnder such conditions 
it is conceivable that blue-stain fungi might start growing. Unless 
the rainy weather were prolonged, as it is, of course, during the regular 
rainy season, the outside layers of cells would soon dry to below 24 
per cent and the growth of the organisms would be stoppe'd. 

Attention is particularly drawn to the fact that the resuhs pre- 
sented in this paper were obtained on sapw^ood that had been sub- 
mitted to a tempt'rature of 100° C, for 30 minutes. Such steamed 
wood may be slightly different from sapw'ood that has not been so 
treated, due to the volatilization of some fractions of the resinous 
materials in the wood. No tests were made to determine this point. 
To avoid serious mold contaminations one is practically compelled 
to use wood that is disinfected at least superficially. 1''he attempt 
was made in those tests to reduce the heat treatment to the shortest 
practicable period. The inoculation results are believed to approach 
those that would have been obtained on unsterilized Pimix taeda 
wood with an approximately ecjuivalent moisture content, but no 
supporting data can be ])resented. 

Field observations indicate some difference in the staining reactions 
of the diflerent southern j)ines. For e.xample, in certain sections it 
is commonly held that shortleaf pine stains more (juickly and more 
severely than longleaf pine. If this be generally true, there appears 
to be considerable justification in applying the results of the tests on 
Pinys taeda in control experiments on the southern pines. Additional 
laboratory t(*sts on tliese ollu'r pines with wood cut at various seasons 
of the year are necessary before it can be said more definitely what is 
the low moisture content that will inhibit the grow’th of blue-stain 
fungi in each species of wood. It seems wisest, therefore, to set a 
figure of 20 per cent moisture content as the practicable working linut 
and to consider the difference between this 20 per cent and the 24 per 
cent deduced from the tests as a reasonable margin or factor of safety. 




THE ADSORPTION OF THE ANIONS OF ACID DYES BY 

SOIL COLLOIDS * 

By J. G. Smith, Asidstmit Chemist, and P. L. Gile, Senior Chemistj Bureau of 
Chemistry and Soils, United States Department of Agriculture 

INTRODUCTION 

Previous studies (2)'^ have shown that the capacity of soil colloids 
for adsorbing or exchanging inorganic cations varies roughly with the 
molecular silica-sesquioxide ratio of the colloid. This parallelism 
has been explained on the ground that the exchangeable bases are 
held in some sort of combination with acidic, silica, or alumino- 
silicate radicals and that the reactive surface of the colloid occupied 
by these radicals varies roughly with the gross content of Si 02 (/, p. 
579), ^ It would seem to follow that those colloids having low silica- 
sesquioxide ratios and low exchangeable base capacities should have 
more or less aluminum or iron in the surface and that these colloids 
should therefore have appreciable adsorptive capacities for anions. 

This idea that part of the surface of a soil colloid should be capable 
of combining with cations and part capable of combining with anions 
is not wholly supported by the available data. Although different 
soil colloids have appreciable and varying capacities for adsorbing 
cations from both neutral salt and basic dye solutions, they seem to 
have little if any capacity for adsorbing simple anions, such as Cl, 
NO3, and SO4, at least from neutral salt solutions. On the other hand, 
adsorptions of the complex anions of acid-dye solutions have been 
frequently reported. 

In case anions of acid dyes are adsorbed, it would seem that the 
comparative capacities of a soil colloid for adsorbing acid and basic 
dyes should furnish a better characterization of the colloid than the 
single determination of the adsorption of a basic dye. It is there- 
fore important to determine whether there is an acid dye that is 
appreciably adsorbed by soil colloids, quite aside from any evidence 
that may be aflorded regarding the nature of the colloid surface. 
An investigation of the adsorptions of several acid dyes is described 
in this paper. 

REVIEW OF LITERATURE 

The idea that the adsorptive capacities of soil and other inorganic 
colloids for different dyes would throw light on the constitution of 
the materials is far from new. Sjollema (15) suggested in 1905 that 
the extent to which soil colloids adsorb methyl violet, naphthol yellow, 
Congo red, and alizarin would indicate the presence of silicic acid, 
hydrous aluminum oxide, and aluminum silicate, since artificial gels 
of these compounds adsorb these dyes in diflerent degrees. How- 
ever, he gave no data on the adsorption of soils. Later Hundeshagen 
(11) showed that the adsorption of different dyes helped to identify 
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certain minerals. The use of dyes for indicating the nature of the 
adsorbent is also suggested by the work of Michaelis and Rona (fS), 
Bechhold {6), Testoni {16) y and Birutowitsch (7) with artificial gels. 
In these investigations it was found that silica gels adsorbed only 
basic dyes, whereas alumina and iron gels adsorbed only acid dyes. 
Recently, Croucher {8) showed that adsorption of the acid dye, 
Biebricfi scarlet, by an artificial hydrous alumina gel increased with 
increasing acidity, while adsoiption of the basic dye, iodine green, 
decreased with increasing hydrogen-ion concentration, the minimum 
adsorption of the combined dyes occurring at a pH of 6.5, the isoelec- 
tric point of the gel. Since soils high in alumina and iron showed a 
similar behavior, he suggested that a marked change in the propor- 
tions in which these dyes are adsorbed above and below pH 6.5 con- 
stitutes a test for the presence of hvdrous alumina in soils. 

Observations on the adsorption of acid dyes by soil materials have 
been made by several investigators, although most quantitative studies 
of dye adsorption by soils {10) and clays {8, 4^ have been conducted 
with the two basic dyes methylene blue and malachite green, which are 
highty adsorbed. Way 07) states that clays remove the coloring 
matter from cochineal solutions. According to Rohland 04), adsorp- 
tion of the acid dye aniline blue by soils is comparable to that of the 
basic dyes crystal violet and Victoria blue; adsojption of the acid 
dyes orange and metanil yellow is also appreciable but much less than 
that of aniline blue. Bechhold (6*) found that a clay and a permutite 
both adsorbed methylene blue strongly but took up none of the acid 
dye trypan blue and very little of the acid d 5 ’^e toluene red. Data on 
the adsorption of diamine sky-blue are given by Beaumont (5) for 
four soils. The quantities of this acid dye adsorbed were appreciable, 
but much less than the. quantities of the basic dye methylene blue. 
Michaelis and Rona {13) report that a kaolin which adsorbed several 
basic dyes strongly did not adsorb any of the acid dyes potassium 
eosinate and ammonium picrate, but did adsorb some of the j 7 ioro 
colloidal dyes, Congo red and diamine fast red. Wilkinson and 
Hoff {20) give the adsorptions of six soils for two basic dyes and one 
acid dye, diamine blue 3 B, with and ^without the addition of acid. 
All dyes were appreciably adsorbed in the absen(‘e of acid, but the 
adsorption of diamine blue 3 B was especially increased by acid. 
Birutowdtsch's data show that a ‘‘Floridin'* soil adsorbed the acid 
dyes night blue, eosin, and Congo red, but not azo blue. Croucher 
{8) reports a marked adsorption of Biebrich scarlet (an acid dye) by 
soils high in iron and aluminuni from solutions below pH 6.5. These 
results on the adsorption of acid dyes may be summarized as follows: 
Certain investigators found trypan blue, toluene red, potassium 
eosinate, and ammonium picrate not adsorbed by soils or similar 
materials; other investigators report adsorptions of cochineal, aniline 
blue, orange, metanil yellow, diamine sky blue, Congo red, diamine 
fast red, diamine blue 3-B, night blue, eosin, and Biebrich scarlet. 
The adsorption of some of these dyes was markedly increased bv 
acidifying the solution. 

Certain facts established regarding the adsorption of dyes by char- 
coal and by silicon, iron, and aluminum oxide gels have a bearing on 
the adsorption of dyes by soils. It was shown by Michaelis and Rona 
03) that the capacities of the so-called '*pure^^ inorganic gels for dyes 
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and simpler eleetrolytes are dependent on ifjipnrities of Cl, Na, etc., 
remaining:!; in the adsorl)ent after piirifieation. The adsorption con- 
sists of an ex(*hange between the adsorbed ion and the ion of similar 
charge present as impurity in the adsorbent. Charcoal seems to be 
an exception to many adsorbents of electrolytes in that only part of 
its adsorption can be attributed to this exchange reaction. This con- 
clusion that the adsorption of dye electrolytes by inorganic gels is an 
exchange reaction is substantiated by the work of Wood and Wooller 
(^/) on several alumina gels, by the work of Weiser and Porter 
(/r9, p, 1830) on a chromic oxide gel, and by the work of Weiser {18) 
on alumina gels. 

This generalization of Michaelis and Kona, that the adsorption of 
dyes is an exchange reaction, applies also to the adsorption by soils, 
of at least the basic dyes. Some years before tlie work of Mhdiaelis 
and Kona, Ashley {3, p. 38) suggested that the adsorption of mala(*hite 
irreen by (‘lays was an exchange reaction “with the bases that stabilize 
the g(d.” Rohland (7.^, />. 381) also suggestcHl that the adsorption 
of dyes by soils was often connected with ex(‘hange rea(*tions. The 
data of Michaelis and Kona showed tliat kaolin takes up basic dyes 
in this way. And lecently Anderson and Mattson showed cpiantita- 
tivi'ly that the adsorption of methylene blue by two widely different 
soils was an exchange reaction, at least up to a certain ])oint. This 
was substantiat(al (pialitatively ])y Wilkinson and Iloff (20) for several 
soils. The adsorption of basic dyes by soils is thus similar to the more 
thoroughly studied base I'xchange reaction with neutral salts. 

If the facts established for the adsorption by soils are comi)ared 
w’ith the facts established for adsorption by artificial inorganic gels, 
an indication is obtained of how^ much acid dye soils wshould adsorb. 
Ap])arently the artificial gels adsorb basic dyes l)y exchange with 
catiiuis and acid dyes by exchange with anions. Soils adsorb basic 
dyes by exchange with cations, and they would presumably adsorb 
the anions of acid dyes by exchange. Since siuls seem to adsorb dye 
cations and the cations of simple salts to about the same extent, they 
would be expected to adsorb dye anions and simpler anions in equiva- 
lent amounts. Previous studies show , how ever, that soils adsorb only 
small quantities of the simple inorganic anions, if any ; hence little if 
any adsorption of acid-dye anions would be expected. This conclu- 
sion is in harmony with the findings of certain investigators cited but 
is not in agreement with the data of others. 

EXPERIMENTAL PROCEDURE 

In the adsor])tion determinations, the soil was shaken with a dye 
solution and the unadsorbed dye w^as determined colorimetrically after 
the suspension had been clarified by centrifuging. All adsorption 
determinations were conducted with a 0.1 per cent dye solution which 
was made from a clear, 0.2 per cent stock solution. The stock solution 
was prepared by passing a dye solution through a Pasteur-Chamberland 
filter and adjusting to 0.2 per cent strength after determining the 
solid present in an aliquot evaporated on the steam bath. Tl^e 
weights of soil and volumes of dye used in different determinations 
were varied in such a way that about half of the dye supplied remained 
unadsorbed in each case; thus the adsorbed dye was in equilibrium 
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with an appro\im ite'.y 0.05 per cent solution. It was usuallj^ neces- 
sary to make several preliminary tests in order to determine the 
proper quantities of dye and soil to use. The soil and dye solution 
was shaken for 17 hours in an end-over-end shaker, and the dye 
remaining unadsorbed was then determined colorimetrically as follows: 
After the soil had settled somewhat, approximately 40 c. c. of the 
supernatant solution was withdrawn and centrifuged for 30 minutes, 
or until clear. In some cases a drop or two of dilute hydrochloric 
acid was added to facilitate the flocculation of clay. The color of 
the clarified solution was then read in a Dubosq colorimeter against 
that of a 0.05 per cent solution of the dye, similarly acidified when 
acid was used in clarification. 

The soils used in this study were selected from a number of those 
utilized in different investigations of this laboratory. The approxi- 
mate colloid content and the composition of the colloid were known 
in each case. 

ADSORPTION OF SODIUM CARMINATE BY SOILS 

The first acid dye used was sodium carminate. This, according to 
Way {]?), is strongly adsorbed by clays. Solutions made of three 
different lots of sodium carminate purchased from a chemical supply 
house appeared to be highly but unequally adsorbed. However, a 
solution of one of these lots treated in a different manner was not 
adsorbed at all, and a fourth lot prepared from carminic acid and so- 
dium hydrate likewise showed no adsorption at pH 7.2. Only a 
general description will bo given of determinations made with the 
first lot of this dye, .since there is doubt as to the reliability of the 
results as adsorption dqta. 

Many determinations were made with the first stock solutions with 
a view to standardizing a method for comparing the adsorptions of 
different soils. It was found that decolorization of the dye solution 
was markedly affected by the time of shaking. Of the dye removed 
in 16 hours, about 70 per cent was taken out in the first 4 hours; 
but after 4 hours the rate of removal seemed to be practically 
constant up to 70 hours. Further, it was found that although the 
quantity of dye adsorbed showed some correspondence with the con- 
centration of the dye solution, it was nearly a straight-line function 
of the quantity of dye supplied. These facts indicated that something 
besides an adsorption of an electrolyte was taking place. It was also 
found that duplicate determinations agreed well if made on the same 
day or a few days apart, but if made several weeks apart the dupli- 
cates varied widely. It then became apparent that the stock solution 
was deteriorating and that a precipitate was forming in the originally 
clear solution. Part of the precipitate was obviouslj[ due to a fungous 
growth, which Charles Thom of this bureau identified as a species 
of Aspergillus. 

A few crystals of thymol added to a new stock solution seemed to 
be effective in keeping it free from fungous growth, but this solution 
also obviously changed on standing a few weeks. 
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Probably littlo sigmfi(*ance should bo attached to results obtained 
with these stock solutions since tliey deteriorated more or less and 
since subsequent lots of dye gave quite different results. However, 
such results as were obtained were only in very general accord with 
the idea that colloids with low silica-sesquioxide ratios would adsorb 
more of an acid dye than colloids with high silica ratios. The Sharkey 
soil, Norfolk subsoil, and Nipe soil, containing colloids with silica- 
sesquioxide ratios of 3.11, 1,60, and 0.31 removed, respectively, 0.074 
0.303, and 0.489 g. of dye per gram of colloid; but four other soils 
containing colloids with ratios of 1.53 to 1.70 removed quantities of 
dye varying between 0.075 and 0.303 g. per gram of colloid. 

A new stock solution was prepared in the same manner as the first 
two, except that the filtered dye solution was rendered slightly acid, 
shaken occasionally for three days, and again passed through a 
Pasteur-Chamberland filter. After removal of the precipitate by 
filtration, the solution was neutralized with dilute NaOH and then 
diluted to 0.2 per cent. The addition of acid to the dye was prompted 
by the idea that some of the dye in the first two solulions miglit have 
been in a finely divided colloidal state which passed through the filter 
but later coagulated and contributed to the gradual weakening of the 
dye solution. It was thought that if this were the case, acid would 
help to coagulate and remove an unstable part of the dye from the 
stock solution. This solution had less color than the preceding ones 
similarly acidified, owing either to mode of preparation or difference 
in the composition of the sample, although it presumably contained 
the same concentration of dye. This solution was only slightly 
adsorbed bv the Sharkey soil and the Norfolk subsoil, and not at ail 
by Nipe clay and three other soils. 

A fourth lot of dye was then prepared from some supposedly pure 
carniinic acid purchased from another chein cal supply house. 
Slightly less than the theoretical quantity of sodium hydroxide 
required to form sodium carminate was added to a solution of this 
carminic acid and the pH was brought to 7.2 by the addition of 
dilute sodium hydro.xide. This dye solution was likewise not 
adsorbed by the Sharkey soil or the Norfolk subsoil until the pH was 
raised to 7.7, and then only slightly. 

The failure of these soils to adsorb the acid-treated and prepared 
dye, except as noted, was assumed t.o be due to the kind of surface 
exposed by the colloid. It should be possible to change the nature 
of this surface very markedly by treatment with iron and aluminum 
salts. The two soils were therefore treated with ferric chloride and 
with aluminum chloride. Two lots of each soil were shaken for 17 
hours with 5 percent solutions of each chloride, in the proportion of 
5 g. of soil to 100 c. c. of solution. The soils were then filtered and 
washed with distilled water. One half of each sample was washed 
twice, and the other half was washed repeatedly, about 15 times. 
After the soils had been dried at 105® C. and exposed to the air for 
a day or two, determinations were made of the adsorptions, as 
shown in Table 1. 
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Table 1. — Adsorption of sodium carminate by soils treated with ferric and aluminum 

chlorides 


Soil 


Treatmonl 


Dye ad- 
sorbed per 
gram of 
colloid 


Norfolk fine sandy loam subsoil 


Sharkey eluy. 


[ FeCls, washed twice * . - - 

'Feria, washed repeatedly. 

I Aids, washed twice,.. . 
AlCh, washed repeatedly 

[FeCla, ivashed twice 

I Fef'h, washed repeatedly . 

AlCls. washed tw'ice 

lAK'lj, washed repeatedly 


Gram 
0 24H 
.243 
.221 
.210 
417 
3S3 
300 
2.^0 


Evidently entrained soluble iron and aluminum chlorides played 
no appreciable part in the high adsorptions observed, for samples 
washed repeatedly removed almost as much dye as samples washed 
only twice. The high adsorptions may therefore be ascribed to 
changes in the colloids brought about by treatment with the salt 
solutions. These changes are not certain, but the following are 
to be expected: Some substitution of the exchangeable soil bases by 
iron and aluminum ions, and a union of the hydrous oxides or oxy- 
chlorides with the soil colloid particles. There is an indication in 
the comparative (juantities of dve taken up by the two soils that 
removal of the dye was due chiefly to hydrous oxides })recipitated on 
the surface of the colloids rathei than to a precipitation of the dye 
anion hy iron or aluminum ions released from the treat(‘d (*olloid {)y 
the sodium ions of the dye solution. If substituted iron or aluminum 
ions had been chiefly responsible for removal of the dye, it would 
seem that the Sharkey soil should have removed several times as much 
dye as the Norfolk, since its exchange base capacity is several times 
that of the Norfolk colloid j>. ^3). As a matter of fact, the total 
quantity of dye removed by the four Shaikev samples is only 1.45 
times the quantity removed by the fou:* Norfolk samples. Curiously 
enough, the surface exj)oaed by 1 g. of the Sharkey colloid is about 
1.42 times that of the Norfolk colloid, as shown in a previous jjubli- 
cation (^, p. 4)- 

There is thus some ground for assuming that treatment of the 
Sharkey and Norfolk soils with iron and aluminum chloride solutions 
introduced a reactive surface and that failure of the untreated soils 
to adsorb the sodium carminate to the same extent was due to lack 
of such a surface. The reactive surface introduced probably con- 
sisted of freshly precipitated gels of the hydrous oxides with more or 
less adsorbed chlorides As will be shown later, there is reason for 
belieying that such a surface would lose reactiveness on prolonged 
washing and subsequent aging. 

ADSORPTION OF ORANGE II AND PONCEAU BY SOILS AND 
ARTIFICIAL GELS 

A number of other acid dyes were obtained from the color lab- 
oratory of the Bureau of Chemistiy and Soils. These were tested 
^^i^litatively to see if they were suitable for adsorption determina- 
tions made by the colorimetric method. Since the soil suspensions 
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were clarified by the addition of a drop or two of acid and subsequent 
centrifuging, it was necessary to use a dye that was not precipitated 
by small amounts of acid and one that had a constant color in the 
presence of different degrees of acidity. Many dyes did not meet 
these requirements. Souitions of Congo red and metanil yellow, for 
instance, were almost completely precipitated by small amounts of 
acid. Ponceau and orange II, however, seemed to be satisfactory 
for this work. 

These two dyes were used in adsorption determinations with sev- 
eral soils containing colloidal materials with widely different silica- 
sesquioxide ratios. Both water and N/2,000 hydrochloric acid solu- 
tions of the dyes were used. The hydrogen-ion concentrations of 
the dye solutions in contact with the different soils were determined 
with the hydrogen electrode. This determination is probably not 
very reliable in the presence of dye, but the pH values obtained for 
the soils in the unacidified dye solutions were about the same as for 
the soils in distilled water. The 0. 1 per cent solution of ponceau in 
water had a pH of 7. 2. The results obtained are shown m Table 2. 

Table 2. — The adaoi piion of orange IT and ponceau in irater and in N l^yOOO HCl 
by soils containing colloids with different silica-sesquioxide I'atios 



, Orange 11 ad- 1 

Ponceau ad- 


pH values of 


sorbed per gram sorbed i 

>er gram 


ponceau and 


of colloid— I 

of colloid— 

_ -„Sj 03 

soil— 


1 ' 



AhOj -f- Fe^Oa 



oOil 

1 " ! 1 T 

* ^N72 OOw 

! water 



ratio of 




In 

water 

In 

N/2.000 

UCl 

colloids 

, 

In 

^^ater 

In 

N/2,000 

HCl 

Sharkey rlaj, A horizon- . . 

) Mgm ' Mgm ' 

Mgm 

Mgm 


pH 

pU 

20 l) 33 0 1 

0 

0 

3 07 

6.3 

5.9 

Iredell loam, B horizon . . . 

. - -1 

3 0 

."i 0 

1 88 



Norfolk fine sandy loam, B horizon. 

o' 9 0 ; 

0 1 

0 

1. 60 ’ 5 5 


Davidson clay loam, Ih horizon. . 

' - ! - * 

9 0 j 

19 0 

1 .W 



(Veil sandy loam. As horizon . . . 

. ! 14 0 16.01 

10.0 1 

12 0 

1.35 

' *5 1 

4.7 

Nipe flay, A horizon 

22 0 1 30, 0| 

' 1 

13 0 

IS 0 

.31 

7.1 

7.2 


The small a<lsorplions in water solutions are in strong contrast 
with the adsorptions obtained in previous woi-k with the basic dye 
malachite green (iO, p. 11). Whereas the six soils used in this work 
adsorbed from 0 to 22 mgm. of orange 11 and 0 to 13 mgm. of ponceau 
per gram of colloid, the 30 soil colloids used in the earlier work ad- 
sorbed from 77 to 431 mgm. of malachite green. 

The small adsorptions of these acid dyes are, on the w'hole, related 
only slightly to the silica-sesquioxide ratios of the colloids. The four 
adsorptions of orange. II show no correspondence to these ratios, and 
the lesser quantities of ponceau adsorbed show only a slight cor- 
re^ondenc.e. 

The use of N/2,000 hydrochlori<‘ acid increased the adsorption 
measurably; but the adsorption of these acid dyes was still small as 
compared with the adsorption of a bpic dye. It should be noted, 
however, that owing to the neutralizing action of the soil, the use 
of this dilute acid increased the hydrogen-ion concentration of the 
solution only slightly. 



408 


Journal of Agricultural Research 


Vol. 41, No. S 


Determinations were then made of adsorption from a much more 
acid solution by using N/20 hydrochloric acid solutions of the dyes. 
The results are given in Table 3. 

Table 3. — The adsorption of orange II and ponceau from N/20 hydrochloric acid 
solutions, and the quantities of ponceau precipitated by soluble salts extracted from 
the soils with N/2() acid 


Soil 


OranKe 11 j Pon(*eau 
adsorbed j adsorbed 
per gram of ; per gram of 
(‘olloid colloid 


Ponceau 
precipitated 
by soluble 
salts 

extracted 
from soils 
with N/20 
acid, cal- 
culate per 
gram of 
colloid 


iSharkcy cky, A horizon — - . 

Iredell loam, B horizon . .. 

Norfolk fine sandy loam, B horizon. 
Davidson clay loam, Bi horizon. — 

f^ecll sandy loam, Az horizon 

Nii>e clay, A horizon 


MUligratm | Mithgrains ' Mxlhgtams 


m 

20 

20 


223 


«4 

23 

23 



100 


64 

j 40 i 

27 

208 

104 

42 


It will be seen that the (pian titles of dye removed from solution 
were greatly inci-eased in all cases by the twentieth-normal acid; but 
it did not seem likely that the large quantities of orange II and 
ponceau removed represented true adsorption. It is tiue the results 
can not be attiibuted to precipitation of the dyes by the acid of the 
medium, for preliminary tests showed the dyes were not precipitated 
by dilute a<“ids. Furthermore, if removal of the dyes had been due 
to acid precipitation, the'ciuantities of dye removed would have been 
similar for all soils, and this was far from being the case. There is, 
on the other hand, evidence that the high adsorptions were due, in 
part at least, to precipitation of the dye by iron, aluminum, and other 
f)asps released from the colloidal material by the acid used. 

Qualitative tests showed that small quantities of the chlorides and 
sulphates of iron, aluminum, calcium, magne.sium, manganese, and 
chromium precipitated 0.1 per cent solutions of orange II and ponceau 
to a greater or less extent. In a quantitative test with aluminum 
chloride, 0.003 gm. of this salt added to 40 c. c. of 0.1 per cent dye 
solutions precipitated 1.5 per cent of the ponceau and 31 per cent of 
the orange II. 

Determinations wore then made to see whether the bases released 
from the soils by N/20 acid would precipitate the quantities of dye 
reported as adsorbed in Table 3. Four soils were shaken 17 hours 
with N/20 hydrochloric, acid; the j)roportions of soil to acid were kept 
the same as in the adsorption determination, but larger quantities 
were used. Two portions of the clear solution from each soil, corre- 
sponding to the soil weights of the adsorption determination, were 
evaporated to dr 3 mes 8 on a steam bath. One series of the evaporated 
soil extracts -was taken up with enough acid to give a N/20 solution 
on addition of the dye, and the other series was ttwen up with distilled 
water. The series of extracts dissolved in aci(| gave no precipitates 
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with ponreau; but the extracts dissolved in water precipitated the 
quantities of dye reported in column 4 of Table 3. 

The fact that the extracted salts dissolved in water did precipitate 
the dye, whereas the same salts dissolved in N/20 acid did not, shows 
that the precipitation is markedly influenced by acidity. In view of 
this influence of acidity, it is impossible to tell from the data ^iven in 
Table 3 just how much dye was jmecipitated in the adsorption deter- 
minations, since the solution of extracted salts in water was obviously 
less acid than the solution of dye in N /2() acid used in the adsorption 
determination. However, the data strongly support the idea that 
most of the dye removed from the a(‘id-d,ye solution was by precipita- 
tion with dissolved bases rather than by adsorption. This applies 
also to the sodium carminate in acid solution, some of whi(‘h, however, 
was precipitated directly by the acid. 

wSince even soils with low^ silica-sestjuioxide ratios adsorbed only 
small quantities of ponceau or orange II from water solutions, tests 
were conducted w'ith artificial gels in order tf) see if they would take up 
appreciable quantities of these acid dyes. The gels used comprised 
the following: 

(1) A commercial alumina gel that was in a hard granular condition. 
This gave off no water on heating to 105® (\, but on ignition it lost 
34.97 per cent of water as compared with the 34.57 per cent of water 
present in aluminum hydroxide. 

(2) An air-dried alumina gel prepared in this laboratory. It con- 
tained 0.25 per cent chlorides, and lost 21. S per cent water on drying 
at 105® (\ and 40.35 per cent w ater on ignition. 

(3) A commercial iron gel in a pasty condition. This lost 85.55 per 
cent w ater on drying at 1 10® (\ and 92.85 per cent on ignition. 

(4) An air-dried iron gel prepared in this laboratory. This con- 
tained 0.09 per cent chlorides and lost 3.8 per cent water on drying 
at 1 10® C. and 8.3 per cent w ater on ignition. 

The iron and alumina gels prepared in this laboratory were made 
by G. J. Hough })y precipitating aluminum chloride or ferric chloride 
with ammonia. They w ere w ashed re{)eatedly by the use of Pasteur- 
(^hamberland filtei’s and suction until the wash waters show-ed only 
traces of chlorides. Prior to use in the adsorption determinations 
they had been kept a few weeks in the air-dried condition. The 
quantities of ponceau adsorbed by these gels before and after heating 
are shown in Table 4. 


Table 4. — The adsorption of ponceau hy artificial gels of the hydrous oxides of iron 

and aluminum 


Kind of Kol 


rommerdal alumina geK - - . 

Commercial alumina gel, ciriod at 

no® O 

Commercial alumina gel, dried at 

600® C 

Prepared alumina gel, air dried 

Prepared alumina gel, dried at 10S®r. . . 
Prepared alumina gel, ignited strongly 
by blast 


Dye ad- 
sorbed per I 

W.TOat:j Kindof*el 

105® or I 

no® c. 1 


Milligrams ' 

0 (Commercial iron gel . , 

j Commercial iron gel, dried at IIO® C „ . 

0 Commercial iron gel, dried at 600® . 

, Prepared iron gel, air dried 

0 . Prepared iron gel. dried at 1 10® C. 

67 i Prepared iron gel, ignited strongly by 
13 ; blwt I 


ad- 
sorbed IH'f 
gram of 
gel dried at 
105® or 

no® ( . 


MiUigrams 

228 

71 

14 

13 

13 
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The failure of the commercial alumina gel to adsorb ponceau and 
the low adsorption of the prepared iron gel are similar to the results 
observed with soils. The other two gels, however, had comparatively 
high adsorption capacities. These results can be explained somewhat 
more satisfactorily than the results obtained with different soils, 
since previous work with the simpler, artificial gels has shown some- 
thing of the characteristics of these materials affecting the adsorption 
of electrolytes. 

It is well known that the adsorptive capacities of the hydrous oxide 
gels are affected by their previous history and manner of preparation. 
Old gels, gels that have been dried at high temperatures, and gels 
prepared especially free of electrolytes are likely to be poor adsorbents 
of electrolytes. These charactenstics of age, temperature at which 
the gel is dried, and content of electrolytes can be used, of course, 
only in a general way for predicting the adsorptive capacity of a gel 
for electrolytes, since one condition probably influences the effect of 
another. It seems probable, for instance, that the loss of adsorptive 
capacity on aging is markedly affected by the electrolyte content, 
aging being more rapid when the electrolyte content is low. This is 
suggested by Weiser’s recent work with an alumina gel free from 
electrolytes, prepared from amalgamated aluminum (18). This gel 
adsorbed alizarin when freshly prepared, but lost practically all 
adsorptive power in a few days. 

The alumina and iron gels which adsorbed comparatively large 
amounts of ponceau lost the greater part of their adsorptive capacities 
when dried at 110® C. The failure of the commercial alumina gel 
to adsorb may be attributed to a possible drying at high temperature 
or to aging. This preparation, which was hard and granular, gave 
off no water at 105®, although on ignition it gave off almost the correct 
amount of water for crystalline aluminum hydroxide. The difference 
in the adsorptive capacities of the prepared alumina and iron gels 
may be attributed partly to a difference in purity, the alumina gel 
containing 0.25 per cent chloride and the iron gel 0.09 per cent. The 
high adsorption of the commercial iron gel is probably to be similarly 
explained. 

These results with alumina and iron gels tend to confirm those 
obtained by several other investigators previouslv cited in showing 
that all extended iron and aluminous surfaces d^o not adsorb acid 
dyes. Adsorption evidently takes place only when these surfaces 
are in a reactive condition. 

DISCUSSION OF RESULTS 

The results obtained with these three acid dyes, sodium carminate 
(prepared from carminic acid), orange II, and ponceau, indicate that 
most soils have very small or almost no adsorptive capacities for 
acW-dye anions. Even soils containing colloids with low silica-sesqui- 
oxide ratios adsorbed very little. The comparatively high adsorp- 
tive capacity of charcoal for both acid and basic dyes, observed by 
Michaelis and Rona (/5), suggests that possibly soils high in organic 
matter might adsorb more than the soils used in this investigation. 

This conclusion of the low adsorbability of acid-dye anions, based 
on work with three acid dyes, is in harmony with the conclusions of 
various investigators that adsorption of the simpler anions Cl, NOa, 
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and SO 4 by soils is nep:ligible in neutral solutions. Some of the 
previous work on dve adsorption by soils also indicates a negligible 
adsorption of acid-dye anions; but the results of other investigators 
are apparently contradictory to this conclusion. 

It is of course evident from the results of previous investigators 
that soils may in some cases take up appreciable quantities of certain 
acid dyes. But it is questionable whether in these cases the removal 
of the dye is a true adsorption of anions. The results obtained in 
this study and the known characteristics of dye solutions suggest 
that the high adsorptions previously reported may have been due to 
removal of dye colloids, to precipitation by acid, or to precipitation 
by bases in solution, ratlier than to adsorption. 

It is w^ell recognized that dyes, with thtdr large molecules, tend to 
form colloidal solutions; some dyes, as (\>ngo red and night, blue, 
seem to be distinctly colloidal; otliers are what Freimdlich (.9, p, 893) 
terms “halbkolloide”; and sonie dyes, as eosin and methylene blue, 
are dis])ersed chiefly as electrolytes. A finely divided suspension of 
the more colloidal dyes might well be taken up by the only slightly 
disi)ersed soil colloids on prolonged shaking when anions would 
not be adsorbed Michaelis and Kona (f3), for instance, noted a 
removal of the colloidal Congo red by kaolin but no adsorption of 
potassium eosinate. The results obtaiiu'd in this w^^rk with the 
first two lots of sodium carminate probably were also due in part to a 
removal of dye colloids. Furthermore, many acid dyes are precipi- 
tated or coagulated by slight (‘oncentrations of acid and by vsmall 
quantities of the salts of calcium, magnesium, iron, aluminum, 
manganese, or other bases. In some cases the precipitate formed 
may become apparent only on centrifuging. vSome high adsorptions 
of acid dyes previously reported might wxdl have been precipitations 
of the dye wdth bases released from the soil colloids by base exchange 
with cations present in the dye preparations. The large amounts of 
metanil yellow' that Marker and Cordon (12) report as adsorbed by 
silica, alumina, and iron gels were probably simple precipitations, by 
acid alone in the silica gel test and by acid or dissolved iron and 
aluminum in the tests with alumina and iron gels. 

The idea that soil colloids might be better characterized by the 
comparative quantities of acid and basic dyes adsorbed than by the 
single adsorption of a basic dye or inorganic (’ation is apparently not 
well founded. The results of this study indicate that the quantity 
of acid dye taken up is either too small to be significant or is open to 
question as being true adsorption. 

The somewhat negative results of this investigation are, how^ever, 
suggestive of certain features of the surface exposed by soil colloids. 
The small adsorptions reported bear little relation to the comparative 
quantities of sesquioxides in the colloid and probably they afford little 
indication of the comparative amounts of iron and aluminum present 
in the surface either as oxides or silicates. A failure to adsorb simple 
anions and the complex acid-dye anions might, of course, be attributed 
to a lack of iron and aluminum radicals in the surfaces exposed to 
solutions; but it seems more reasonable to attribute this lack of 
adsorption to an unreactive condition of these basic radicals, if work 
on artificial iron and alumina gels is considered. 



412 


Journal of Agricultural Research 


Vol. 41, No. ft 


Data, given in Table 4 and the results of other investigators show 
that some alumina and iron gels are active adsorbents, whereas others 
are not. The adsorptive gels seem to be those that are freshly pre- 
pared and those that contain an ionic impurity, either adsorbea or 
retained by the gel during its preparation. These facts might be 
interpreted in the (^ase of an alumina gel, for example, by assuming 
that a pure, freshly prepared alumina gel contains some exchangeable 
hydroxyl ions, while an impure gel contains some reactive aluminum 
(hloride, sulphate, or nitrate; that on aging of the pure gel or on 
removal of the anion from the impure gel, these reactive materials 
tend to pass into an unreactive hydrous oxide surface. The observed 
changes in the structure of gels that take place on aging might also be 
dependent to some extent on such hypothetical chemical changes. 

The preceding facts and hypotheses may not apply to soil colloids, 
for the soil colloidal material is certainly more complex than an arti- 
ficial hydrous oxide gel. But on the assumption that they do applv, 
the following hypotheses are suggested : Soil colloids being thoroughly 
aged, an adsorption of anions would not be expected unless adsorbed 
amons were already present. The low’ adsorptive capacity for acid- 
dye anions, therefore, indicates that the iron and aluminous surfaces 
capy few, if any, adsorbed anions. This may be due to such surfaces 
being present in an unreactive condition as highly insoluble hydrous 
oxides. Such surfaces might be rendered reactive to anions by 
solutions sufficiently acid to pennit some ionization. 

SUMMARY 

The fact that the adsorbed cations of the basic dyes by soil colloids 
vary roughly with the proportion of silica to iron and aluminum in the 
colloid suggests that a similar relationship might obtain for the 
adsorption of acid-dye anions. Although adsorption of the simple 
anions from neutral solutions seems to be negligible, several investi- 
gators have reported appreciable adsorptions of dye anions of the 
acid dyes. 

Data are given on the adsorption of the anions from water and 
w^eakly acid solutions of the acid dyes, sodium carminate, orange 11, 
and ponceau. Several soils containing colloids wdth widely different 
silica-vsesquioxide ratios adsorbed these dyes slightly or not at all 
solutions. Adsorptions from N/2,000 acid solutions of 
the dyes were larger but also inappreciable. From the N/20 acid 
solution large quantities of ponceau were removed by some soils; but 
evidence is given that removal of the dye in this case was a precipita- 
tion of the dye with bases dissolved from the soil colloids rather than 
a true adsorption. 

It is concluded that the tnie adsorption of anions of the acid dyes 
by soil colloids is negligible, like that of the simpler anions. The 
comparatively large adsorptions of acid dyes reported by several 
earlier investigators are ascribed to the use of colloidal dyks and to 
precipitations of the dyes by acid or by bases released from the soil 
colloids* 

. of adsorptive capacity for anions is discussed in 

its relation to the nature of the surface exposed by soil colloids. 
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THE RELATIVE RESISTANCE OF VARIETIES AND 
SPECIES OF CITRUS TO PYTHIACYSTIS GUMMOSIS 
AND OTHER BARK DISEASES* 

By L. J. Klotz, Research Associate in Plant Pathology and National Research 
Fellow in the Biological ScienceSy and H. S. Fawcett, Plant Pathologist, Graduate 
School of Tropical Agriculture, and Citrus Experiment Station^ University of 
California 

INTRODUCTION 

Althoiiijli th(^ unportaiice of knowngc the response of the 

varieties and speei(‘s of (Htriis to various patho^enos is at once ap- 
parent., records of complete and thorou^ii^oim^ tests and siirv'eys ar ' 
not numerous. The dearth of data acquired by artificial inoculation 
of the experimental hosts under more or less accurately controlled or 
comparable conditions is in part understandable when one considers 
the general feeling among growers that such inoculations may result 
in injury and possible df^ath of valuable plants. Also there is the 
difficulty of obtaining the many varieties under uniform conditions 
of age, development, and health. 

REVIEW OF LITERATURE 

The work of Lee (o, Peltier b9), and Peltier and Frederich 
{lOy //) on the susceptibility and resistance of various rutaceons 
hosts to citrus canker is noteworthy from the standjKunt of the num- 
ber and di\'ersity of plants tested and observed. In descending order 
of susceptibility stand i)Ujumelo, trifoliate orange, the various limes, 
sweet orange and lemons, sour orange, varieties of the mandarin 
grou]), calamondins, citrons and kunKpiats, the last four being con- 
sid('red (‘mnmercially resistant. Jj(‘e has found the Triumph variety 
of ])umiuelo to exhibit a slight resistance to the ba(*terium, and he 
classifies also Taliiti lime as commercially resistant. McLean (7) 
and McL(*an and Lee (S) notenl a correlation between the width of the 
stomatal sht and susce])tibility to canker, their explanation being that 
the narrow stomata offer less easy ingress to water w hich may be laden 
with the causal organism. 

Fulton {2) in his extensive investigation on the susce])tibility of 
Citrus varieties to the West Indian lime anthracn(»se organism, 
Gloeosporium litneMicolum Clausen, sliowed that only the West Indian 
and Dominican thornless varieties of lime are very susceptible, six 
other varieties of lime giving no positive indication of susci^ptibility 
either in the greenhouse or in the field. C^ertain strains of citron when 
wounded and kept under greenhouse conditions became infected to a 
very limited extent. All other genera, species, varieties, and hybrids 
of the Rutaceac tested w ere either immune to the disease or could not 
lie unquestionably infected. On the other hand the anthracnose or 
withertip fungus, Colletotnehvm gloeonporioides Penz., does not limit 

» Received for publication June 2, 1930, issued September, 1930. Paper No. 222, Unlveristy of Califoi ma, 
Qraduate School of Tropical Agricultun* and Cilriw Exiieriment Station, Riverside. Calif. This is the 
third of a series of papers (3, 4) on the parasitism of J^ytophthora ctiropMhora (Sm. and Sm.) Leonian. 

^ KeftTenee is made by m]ml>er (italir) to Literature (^ited, p. 424. 
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its attack to a single species but parasitizes the mature twigs and 
fruit of many species (f , p, 287-293), 

A third citrus disease on which extensive tests have been made is 
verrucosis or scab caused by Sphacelorna fawcettii Jenkins. Winston 
(12) and Winston, Bowman, and Bach (IS) have obtained results 
which enabled them to separate the various rutaceous hosts into four 
catagories based on their susceptibir»ty, resistance, and immunity to 
the disease. Among the better known varieties and species, sour 
orange and lemon were severely attacked, the tangerine and some 
pummelos moderately attacked, sweet orange and Tahiti lime only 
rarely parasitized, while citron, kumquat, and the Royal and Triumph 
varieties of pummelo were not attacked. In his 1923 publication 
AVinston (12) records that the fruit of pummelo is susceptible to scab 
only from its earliest formation up until it has reached three-fourths 
of an inch in diameter, after which it becomes immune. Similarly, 
leaves are immune after they reach one-half inch in width. AVith 
Pytluacystisrot the w riters have observed a relationship approximating 
the op])osite of that with scab, namely, in the (^ase of twigs, branches, 
and leaves, the more mature the organ the greater is its susceptibility. 
While all ages and sizes of fruit are susceptible to Pytliiacysfis brown 
rot, immature fruit decays less rapidly than ripe fruit. The invest iga- 
gations referred to above and the data presented in this paper, the 
latter being a record of tests made by the writers during the years 
1926, 1927, and 1928, constitute the more extensive contributiors to 
the study of disease resistance and susceptibility in (''itrus. 

Records of observations on the response of the more important com- 
mercial members of the genus Citrus to bark disease's cover a period of 
years approximately concurrent with the commercial production of 
citrus fruit. As a result it is now' definitely known generally that 
lemon, orange, and puinm'elo are susceptible to Pythiacystis giimmosis 
and that sour orange is resistant; that the sweet orange and j)unimelo 
arc susceptible to psorosis; and that the lemon stands w ith sour orange 
in resistance. To decorticosis the citrus hosts react still differently, 
lemon alone being susceptible, and sweet orange, pummelo, and sour 
orange completely resistant or immuiite. Since with Pythiacystis 
guinmosis a good indication of the reaction of a given species or variety 
of Citrus may usually be obtained in 40 days, wJjereas with psorosis 
and decorticosis several years are required even on the more suscep- 
tible hosts, the experimental data reported here are confined to the 
first disease. For purposes of comparison it may be recalled from 
previous discussion that sour orange, lemon, and pummelo are sus- 
ceptible to scab, while the sweet orange is commercially resistant. 
All four species, however, are found to be susceptible to canker. 
These comparisons of the very variable reactions of the four important 
commercial species of Citrus indicate that we should look to the spe- 
cific biochemical make-up of the protoplasm for hypotheses that may 
lead to explanation. 


MATERIALS AND METHODS 

The inoculation tests on browm-rot gummosis reported here were 
made in the variety orchards of the ITniversity of California Citrus 
Experiment Station. Subcultures of a strain of Phytophihora citroph- 
ihora (Sin. and Sm.) Leonian, known as 1309*-a, which was isolated 
from a diseased lemon tree at La Habra, Calif., were used throughout 
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the work. The surfaces of the places on the tree trunk to be inocu- 
lated were in all cases first rubbed with a towel dipped in 95 per cent 
alcohol. The 1926 inoculations were confined to 9-year-old trees of 
the Rubidoux plot, and were made during the period January 2 to 5. 
A small piece of mycelium from a 6-day-old glucosopotato agar slant 
culture was inserted under the flap of bark made by a small vertical 
slit. The inoculations were made on the east or southeast side of the 
trunk and on one main limb and were covered with pieces of oiled 
paper, the edges of which were glued. The 1927 inoculations were 
made during the period February 22 to March 4 in fields 1 and 12. 
Each tree received one inoculation on the west side of its trunk in 
the manner described. 

Inoculations in 1928 were made during March 15 to March 26 in 
all three of the above-mentioned groves. In general, depending upon 
the size of the tree, four inoculations, two about 6 inches and two about 
a foot from the ground, were made on the trunk of each tree, the fun- 
gus being inserted at each of the four points of the compass. Instead 
of a vertical slit a small cylindrical hole, 4 mm. in diameter, was 
drilled through the bark to the cambium with a flamed cork borer. 
The inoculum was placed directly on the cambium and the hole sealed 
with a piece of adhesive tape, the portion directly over the inoculum 
being lined with a half-inch square piece of paper to prevent fungicidal 
action by the zinc oxide of the tape. 

Therc^ werc^ three sets of observations and measurements. At the 
first inspection, 40 to 45 days after inoculation, (inly external length 
and br(‘adth of tl\e lesion were measured, the dis(‘asc being allowcato 
run its course undisturlx'd until 20 days later when similar external 
ineasunumuits wen* made. The canker was then excised, and 
m(‘asurements were taken of the lesion as it appeared on the surface 
of the cambium and wood. Finally the area of the lesion on the ex- 
cised t)ark was measured by means of a planimeter. 


Tahi.e of lesioufi in square centimeters made and amount of gum formed 

on 1 l~if ear-old citrus trees by Phijtophihora citrophfhora in 60 days 

IFu'lil \o. 1 IiKHMilations iiia<h' Mnn-h 22, l«2?s; excisions made May 22, 1U2S] 
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See footnotes at end of table. 
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Table 1 . — Size of lesions in smiare centimeters made and amount of gum formed 
on 11 -year-old citrus trees by Phytophthora citrophihora in 60 days — Continued 

[Field No. 1. Iiioculation.s made March 22, 1928. excisions made May 22, 1928] 


Lesion m<‘asurenients 
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• Expressed on a numerical basis, 5 rcTiresenting a copious secretloii, 4 medium plus, 3 medium, 2 medium 
minus, 1 slight, and 0 none. 

Southeast. /Inoculation made May 4, 1928, excision made June il, 1928; 38 days. 

Northeast. * No involvement. Immune. 

<< Northwest. * Slight formation of gtim. 

•Southwest, < OIrdled. Very severe. Could not excise and save bark. 
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Tahlk 2 . Average areas of lesions in square centimeters made on citrus trees by 
Phytophthora citrophthora and amount of gum exuding 


and variety 
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« Kxpressed on a niunerical has 
dium minu.s, and 1 slight. 

> Hough 
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Tablk 2. — Average arean of lesions in square centimeters made on dims trees hy 
Phiftophthora citrophthora and amount of gum exuding — Continued 
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DISCUSSION OF RESULTS 

Table 1 gives in detail the planimeter measurements of lesions 
obtained in 1928 in field 1, which contain the most representative 
and comparable lot of trees. The various species and varieties are 
grouped for purposes of c-omparison. Table 2 is a general summary 
of all the inoculation data of the three years, all the lesions on all 
the individuals of a variety being averaged. The data shown in the 
second, third, and fourth columns of Table 2, which give the results of 
the 1926 and 1927 investigations, were not obtained by planimeter 
measurements but by multiplying the length of the lesion by its 
breadth, inasmuch as the diseased areas were irregular in shape this 
method of calculation yielded values from 25 to 50 per cent greater 
than the a(‘tual values. However, the values of the respe(‘tive groups 
thus estimated are reasonably comparable and are therefore included. 

Since the trees in field 12 were only 3 to 4 years of age and since 
the writers have found that the younger organs of a lemon tree are 
less susceptible to l^ythiacystis gummosis than the older, the results 
of the inoculations in that plot are not comparable with those obtained 
in the Rubidoux plot and in field 1 on trees 10 years old. The group 
results from the Rubidoux plot and field 1 approximated each other, 
and for sim])licity there are presented in detail only the 1928 results 
in field 1, as recorded in Table 1. The relation of different groups 
in the other orchards was found in general to be the same. 

A number of important conclusions appear to be justified by the 
data obtained. The varieties of lemon are uniformly very susceptible, 
onh^ the seedling tree' giving an indication of lessened susceptibility, 
and suggesting but a very remote possibility of obtaining by selection 
a variety of lemon resistant to the parasite. The long-observed and 
a(*.claimed resistance of sour orange has been substantiated. Here 
again the seedling form of the variety s1k)w s a greater resistance than 
the buddeal, in fact so great a resistance that for all practical purposes 
it may be considered to be immune. However, one specimen of the 
African variety of sour orange show^ed no involvement of tissue, 
wdiich also suggests a true immunity. 

Considering further the commercial varieties the waiters found that 
grapefruit and swe(‘t orange w^ere about equal in susceptibility. As 
a group the varieties of Citrus inarima exhibit great variability of 
response to the parasite, ranging from a resistance only slightly less 
than that of the standard sour orange in the case of the Siamese 
variety to a susceptibility approaching lemon in the McCarty variety. 
In fact, the pummelo variety Royal Bahaman in the Rubidoux plot 
exceeded the most susceptible lemon as shown by an average involve- 
ment of 51.7 sq. cm. A peculiarity noted in the McCarty, the Royal, 
the Pernambuco, and in several other varieties of pummelo was that 
the disease progressed approximately at a 45° angle to the vertical. 
For this reason infection in these species presents a very serious 
as})ect, that of girdling the tree possibly in a single season. 

The variability in the varieties of sweet orange was less than in 
pummelo, and none approached the susceptibility of lemon. The 
average of the mandarin group was much below that of pummelo 
and sweet orange, being similar in this respect to rough lemon and 
the limes, Citrus auraniifolm. The Willow Leaf and Cleopatra 
varieties of mandarin showed considerable resistance in these tests. 
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According to the writers' observations one specimen of Tahiti lime 
coiild be classed with sour orange. Although general observations 
are that citron is very susceptible to gummosis, the two varieties 
inoculated here showed pronounced resistance to the strain of fungus 
employed. However, these two specimens of citron were apparently 
in a poor, nonsuccAilent condition, which may account for their lack 
of susceptibility. The evidence appears sufficient to warrant the 
tiial of some of the miusual varieties as rootstocks, such as calamondin, 
and some of the hybrids — tangelo and the Cunningham, Sanford, and 
Savage citraiiges. Specimens of the Rusk citrange were very sus- 
(‘eptible, as were also the Colman and Eatonia. The genus Fortunella, 
the kumquats, exhibited great resistance to the fungus, but because 
of their dwarflike growth their use as rootstocks is probably out of 
(‘onsideration. C. Ihneita and C. hystrix were resistant, C. ic/umgeds 
was less so, while one specimen of C. succumbed as readily as 

the lemon varieties. 

The amount of gum formed was approximately directly propor- 
tional to the extent of involvement of the disease. Gumming is the 
most prominent symptom of this disease, and on individuals of the 
several commercial kinds of Citrus one may obtain an approximate 
indication of the severity and extent of the malady by observation 
of the amount of gum formed. 

The great variability in response to disease among the varieties of 
the same s])ecies and even in several areas of the trunk of the same 
individual suggest the desirability of a uniformly dependable 
biochemi(^al test for the measurement of disease resistance. The 
senior author (^) has already indicated the possibility of using the 
degree of inhibition of the fungal enzymes by the bark of th(‘ several 
hosts as a test for disease resistance. It was reported that the bark 
of sour orange and of tangelo has consistently showm greater inhibi- 
tion of the diastase of Phyioyhihora ciirophUumi of Phoniopds call-- 
jonilca Fawcett, of saliva and malt than lias that of lemon. Inver- 
tase of Phytophihora citrophthora similarly was inhibited more by soui 
orange than by lemon bark. Commercial invertase, howevei*, was 
inhibited more by lemon than by sour orange. In all laboratorv tests 
made subsequently lemon and sour orange have maintained their 
relative effects. Calamondin, however, which proved resistant in 
field tests, was about midway betvreen sour orange and lemon in 
its degree of inhibition of fungous diastase. Another apparent failure 
of the jiarallelism w as noted in a series in which the bark of a pummelo 
showed about, the same inhibition of ptyalin as that of sour orange, 
but it should be recalled that some of the pummelos show' resistance to 
the disease similar to that of sour orange. In general the laboratory 
tests approximated field observations; for example, one of the resis- 
tant citranges showed only slightly less effect on the fungous diastase 
than sour orange. Specimens of trifoliate orange, Poncirus irifoliatay 
in the Rubidoux plot, a species which has been used extensively as a 
stock in Japan and the Gulf States, proved more susceptible than 
lemon to the artificial inoculations, and in the laboratory less inhibi- 
tive than lemon. 

While the results of laboratory tests with these carbohydrases 
taken as a whole are not striking they seem suggestive. It is not 
to be expected that all enzymes would be similarly affected. In 
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fact the enzyme emulsin was inhibited by sour orange only slightly 
more than by lemon, and urease action was stimulated by both. 
Likewise the pectinase of Phomopsis calif ornica w^as inhibited only 
slightly and about equally by sour orange and lemon bark. This 
suggests that the failure of an organism to establish itself and progress 
in the tissues of its host may depend upon the destruction of or 
considerable inhibition of not necessarily all enzymes, but of one or 
more o! its important enzyjries by some cellular product of the host. 
Possibly the enzymes res])onsible for making carbon available are 
the important ones depresscul or put out of action. In the case of a 
resistant host, such as souj- orange, the paralyzing power may be 
thought of as being so great that tlie hyphae, handicapped by an 
insuflicient carbon source due to the inhibition of their carbohy- 
drases or other enzymes, can not progress so rapidly as the host 
callus forms; whereas in the susceptible host, as lemon, it may be 
postulated that there is a sufficient decrease in this antienzymic 
action to permit the hyphae to obtain food sufficiently rapidly for 
successful parasitism. 

A])plication of the method to the proteases is the next step that 
suggests itsc'lf. The make-uj) of a species or variety is determined 
by the physical and chemical sjiecificity of its protoplasm, and that 
in turn probably to a large extent by its own distinct proteinaceous 
materials. To account for the innumerable species and varieties 
one naturally turns to the chemistry of proteins. Of all biological 
substances tlie proteins only are sufTHuently numerous to explain 
the specificity of such infinite variety, "fhe infinite number of 
distinct proteins possible from combinations of 20 amino acids is 
strong support for the hy])othesis that immunological specificity and 
probably most other features of biological specificity, as in heredity, 
must depend on these* substances. The degree of disease production 
and establishment of a host-parasite relationship may depend largely 
on the ability of the microorganism to attack the food substances 
of the host, particularly the proteins. 

While the extensive wmrk reportc'd hen* essentially substantiates 
the casual observations of many years, there are several apparent 
anomalies. These deviations from the expected show the necessity 
for making such field tests thorough and extensive. Before a species 
or variety is adopted commercially the response of a large number 
of indivicluals to the various pathogenes should be determined unclear 
each of the several pcKssible sets of commercial conditions. 

SUMMARY 

A review of the lit('.rature is given, summarizing the range of 
susceptibility or resistance of the various species and varieties of 
Citrus and Citrus relatives to canker, West Indian lime anthracnosc, 
withertip disease, scab, psorcKsis, decorticosis, and Pythiacystis 
gummosis. 

The inoculation tests show^ that dependable comparisons of the 
response of species and varieties of Citrus to Pythiacystis gummosis 
can be made only on trees which are all of the same age and w hich are 
under similar enviromnental conditions. 

Great variations in degree of susceptibility were shown by different 
varieties of the same species, individuals of the same variety, and 
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even by two or more locations on the same tree trunk, necessitating 
several inoculations on each tree to obtain a dependable average. 

The varieties of the pummelo and citrange groups showed the 
lai}?est differences in response to the disease, ranging from a suscepti- 
bility exceeding that in the lemon varieties to a resistance greater 
than the average of the sour orange group. 

Under the conditions of the tests reported here the varieties of the 
individual groups as a whole rank in descending order of suscepti- 
bility as follows: Lemon, citrange, lime, pummelo and sweet orange, 
mandarin, rough lemon, tangelo, sour orange, and kurnquat. 

The amount of gum formed is approximately proportional to the 
severity and extent of the disease. 

Calamondin mitiv), C* hy^^trixy C\ limettay G. ichangensis, 

Sampson tangelo, and the Cunningham, Sanford, and Savage varieties 
of citrange exhibited sufficient resistance to justify their trial as 
possible rootstocks. 

The great variability found and the difficulties experienced in 
obtaining uniform trees and conditions for field tests suggest the 
desirability of dependable biochemical tests for resistance. Deter- 
mination of the degree of inhibition of fungal ehzymes by substances 
in the bark of the several hosts may be a practical laboratory pro- 
cedure. Preliminary results of such biochemical tests and a com- 
parison with field results are given. 

LITERATURE CITED 

(1) Fawcktt, H. S,, and Lee, H. A. 

1926. CITRUS DISEASES AND THEIR CONTROL. 582 p., illus. New York 

and London. 

(2) Fulton, H. R, 

1925. RELATIVE susceptibility OF CITRUS VARIETIES TO ATTACK BY 
GLOEOspoRiui^ LiMETTicoLiTM (clausen). Joiip. Ai?r. Re- 
search 30: 629 635. 

(3) Klotz, L. J. 

1927. THE ENZYMES OF PYTHIAC^STIS CITKOPHTHOUA SM. AND SM. llil- 

gardia 3: 27 -40. 

(4) 

1927. INHIBITION OF ENZYMATIC ACTION AS A POSSIBLE FACTOR IN THE 
RESISTANCE OF PLANTS TO DISEASE. Scieiice (ll. s.) 66: 631-632. 

(5) Lee, il. A. 

1918. FURTHER DATA ON THE SX^SCEPTIBILITY OF RUTACEOUS PLANTS TO 
CITRUS-CANKER. Jour. Agr. Research 15: 661-666, illus. 

(6) 

1918. FURTHER DATA ON THE CITRUS-CANKER AFFECTION OF THE CITRUS 
SPECIES AND VARIETIES AT LAM AO. Philippine Agr. Rev. 
11: 200- 206, illus. 

<7) McLean, F. T. 

1921. A STUDY OF THE STOMATA OF TWO SPECIES OF CITRUS IN RELATION 

TO CITRUS CANKER. Bill. Torrcy Bot. Club 48: 101 106, illus. 

(^) Ljqe, H. a. 

1922. PRESSURES RE.QUIRED TO CAUSE STOMATAL INFECTIONS WITH THE 

CITRUS-CANKER ORGANISM. Philippine Jour. Sci. 20: 309-320, 
illus. 

(9) Peltier, G. L. 

1918. SUSCEPTIBILITY AND RESISTANCE TO CITRUS-CANKER OF THE WILD 
RELATIVES, CITRUS FRUITS, AND HYBRIDS OF THE GENUS CITRUS. 

[preliminary PAPER.] Jour. Agr. Research 14: 337-358, illus. 
<10) and F'rederich, W. J. 

1920. RELATIVE SUSCEPTIBILITY TO CITRUS-CANKER OF DIFFERENT 
SPECIES AND HYBRIDS OP THE GENUS CITRUS, INCLUDING THE 

WILD RELATIVES. JouF. Agr. Research 19: 339-362, illus. 



sopt. 1 , 1930 Resistance oj Citrus to Pythiacystis gummosis 425 


(11) Pkltijsr, G. L. and P'iiedeiiich, W. J. 

1924. FTTRTHEK HTUDIES ON THE RELATIVE SUSCEPTIBILITY TO CITRUS 

CANKER OF DIFFERENT SPEI'IES AND HYBRIDS OF THE GENUS 
CITRUS, INCLUDING THE WILD RELATIVES. JoUF. ArF. RoHOarcll 

28: 227- 239. 

(12) Winston, J. R. 

1923. CITRUS scab: its cause and control. U. S. Dept. Agr. Bui. 
1118, 39 p., illus. 

(13) Bowman, J. J., and Bach, W. J. 

1925. RELATI\E SUSCEPTIBILITY of some RUTACEOUS PLANTS TO ATTACK 

OF ciTiius-s(’AB FUNGUS. JouF. AgF Researcli 30: 1087 1093. 


U S GOVERNMENT PRINTING OFFICE: t»S0 




VoL. 41 Washington, D. C., Septembek 15, 1930 No. 6 


THE NEMIC FAUNA OF THE SLIME FLUX OF THE 
CAROLINA POPLAR ' 

By (t. Steiner 

Senior Neinatologist, Office of Nemafology, H)irva\i of Plant ImiuHiry, United States 

Department of Agriculture 

INTRODUCTION 

In Europe the slime Hiix of various trees is known to harlior cer- 
tain nemas. The present material, from Shei)herdstown, W. Va., is 
(h*ri\ ed from Carolina pofdar, J\jpulus eugenei Simon-Louis, which is 
said to suffer badly there from slime flux. 

Slime flux is attributed to several agents such as fungi, liaeteria, 
frost, etc. (Ludwig, p. <S7, SiK Neger, f), p. 111-113; Tu))euf, 
11 ^ p. l/p2 -144 f Apj)arently nemas have never yet been considered 
causal agents, and it seems rather improbable that tluw should ])e 
such. On the other hand, there is the fact that some of these nemic 
forms have' never yet been found elsewhere. However, it is not cer- 
tain that they are found only in slime flu.s and have thus to be con- 
sidered as constant associates. Their modes of distribution are 
unknown, but it has been suggested that insects that feed on slime flux 
or are otherwise* associated with it iiiay ])lay a r61e in their dispersion. 
(Ijudw'ig, 4, P’ ftBil Aubertot, 1 , p. 334-) Of <‘ourse, by such nuuins 
the whole life association of slime flux might be translocated. 

In Europe, AiKjnUInhi dryophUa l)e Man and A. ludtrigi De Man 
were found in the slime flux of the white oak, and I)lployasier(>ld(\s 
i^pengeJii De Man (/;), Motionrhufi miiscorufn (Duj.) Bast., Dorylalnuts 
xi/restrlfi De Man, I), oxycephalufil^o Man, P. macrodorus De Man, and 
P, spengelii De Man in slime flux of the horsechestnut. The former 
two are closely related to AngnUlnla aceti (Muell.) Muell. found in 
vinegar, .1. silu-stae De Man in beer (0, ^Bid A. ne pen tin' cola Menzel in 
c an s o f Ne pe n thes gy m n a rnphora N ees fro n i d a va {8 ). Pi pi oga sfero i den 
spengelii w^as the fiist known species of its genus; two others were 
later described by Micoletzky, namely, P. afriennus Micoletzky from 
fresh w^ater in South Africa (fl) and V, rariabilif^ Micoletzky from soil 
soaked with fresh water near Czeriiowdtz (Cernauti), in Bukowina, 
Rumania (7). A fourth, P. stigmatvsiy n. sp., occurs in the present 
material. It is quite a distinct species belonging to the group with 
paired ovaries, that is, with P. rariahilif^ and P. africarnjts; P. spengelii 
has only a single ovary. The present slime flux of po])lar contains 
another apparently new^ species, a Diplogaster that may be named D. 
americanus, n. sp. 

1 Rec'eived for publication May ir>, 19;J0, is.stie(] October, 1930. 

2 The writer is iudebled to Howard H. Somerville, of Sliepherd.«ttown, W. Va., for the material u.^ied iii 
this study, which reports nemic fauna m slime flux for the first time in the United States 

3 Reference is made by number (italic) to Literature CMted, p. 433. 
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Both of these new species were found in larval as well as adult form 
and undoubtedly pass their whole life cycle in the flux. Diplogas- 
teroides stigmaius^ however, outnumbered Diplogaster arnericanus as 
follows : 

Diplogasieroides stigmatu8. — Larvae, 203; females, 178; males, 127; total num- 
ber, 508; sexual nuinl)e»r, 71.4. 

Diplogaster arnericanus. — Larvae, 15; females, 18; males, 8; total number, 41; 
sexual number, 44.4. 

The nature of the food of the two species found in the present 
material is not known. It is thought, however, that some other 
microorganisms (fungi or bacteria) usually present in slime flux may 
be ingested. 

CLASSIFICATION OF THE DIPLOGASTERIDAE 

In a previous paper {10) it was pointed out that Diplogasteroides 
is considered to be a good g(uuis, contrary to Baylis and Daubney (^2). 
The Diplogaster found in the ])oplar slime flux belongs to that group 
of this genus in which a wide anterior portion of the pharynx is 
followed by a less wide, but not narrow^, cylindrical or sonu'what 
conical posterior one; the longitudinally striated anterior portion has 
a large dorsal or subdorsal onchium. The group contains also 
Diplogaster strlatus Biitschli, D. lirains A. vS(‘hneidor, D. trichvns 
Cobb, and others. In the previous paper (/O) it was ])ointed out 
that the present writer fully agrees with Cobb’s view iS) that the 
genus Diplogaster, as conceived to-day, includes forms belonging to 
at least three different groups. An up-to-date revision of this genus 
might well split it into a number of genera coordinated wdth Diplo- 
gasteroides, Neodiplogaster, Khabditolaimus, and others. All these 
are members of the family Diplogasteridae, a family well character- 
ized by the shape of its* esophagus and of the male sexual apparatus. 
The family is interesting because of the variety of ecological (‘ondi- 
tions under which its members live and also because of the relation- 
ship to the Rhabditidae, mononchs, and others. Ecologically, the 
Diplogasteridae have free-living, saprophytic, saprozoic, plant- 
])arasitic, and Hnimal-j)arasitic members. It is undoubtedly a group 
branching out in many directions. 

DESCRIPTIONS OF NEW SPECIES 

DIPLOGASTEROIDES STIGMATUS. N. SP. 

The form of Diplogasteroides stigmatus (fig. 1 ) resembles D. spengelii 
from Europe but inay easily be distinguished because the female 
apparatus is amphidelphic, whereas that of D. spengelii is prodelphic. 
There are a number of other differences, but this one is perhaps the 
most outstanding. D. variabilis, which is also amphidelphic, can at 
once be distinguished because of the large amphid which is in the 
latitude of the proximal end of the pharynx. The same is the case 
with Z>. qfricanusj which in addition has two ringlike structures at 
the base of the pharynx. 

The head end of Diplogasteroides stigmatus is convex-conoid in both 
sexes, the tail end much elongated and filiform. The cuticle is an- 
nulated very finely, but with high magnification this annulation is 
resolved into transverse series of dots. These, howwer, are not quite 
uniform, being larger and more prominent on the lateral body sun ace, 
especially in the anal region. 
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Tims tlie cuticle of the present species differs from that of the 
European species, Diplogasteroides spengelii, whicli has longitudinal 
striae and no special markings on the lateral surface. I), variabilis 
also has longitudinal striae and in addition a lateral wing; and the 
same striae are found on D. afrlcanvftf but here the wings are absent. 
The head end has a single circle of papillae. In /_>. spengelii there is an 
additional circle of 12 i)a])illalike structures nearer the oral opening; 



FiuURK 1. — Diplogofttcroidcs fitiymatuft, n sp. 


A -Front view of hood, nrnph, Amphul, dsl subm ppf, dorso-t;ubni(Mlml popilhus lat ppl, lotorul 
papillae; or, oral openuiR, vnt subm ppl, vontrosubmediul papilla. X about 1,433 
B — Hoa<i end in sule vu*w amph, Amphid; on, onchiuin. X about 1,000 

Tail end of male in side view brs msc, Bursal muselos; det cj, duetus ejaculatorius; dots, dote 
of the cuticle as they appear aloiiR the lateral line, ^ ppl (9), the nine copulatory papillae of the 
male; phas phasmid; protr aub, protractor gubernaeuli. X about 533 
I).— Veiitml view of anal reRioii of female. antt«. Anus; phas, phasmul. X about 533 

but De Man says their true nature is uncertain. In the present 
species no such structures were seen. The amphids of D. spengelii 
are located about opposite the middle of the pharynx; in the present 
species, however, they are farther forward, almost at the end of the 
first fourth of the pharynx. The latter is narrower but longer than 
in the European species. Its walls seem not so strongly cuticular- 
ized. A minute toothlike structure was seen at the base of the 
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cylindrical portion of the pharynx. Tlie esophagus and intestine do 
not show any variations from the European species, nor do the nerve 
ring and the excretory pore. The female genital apparatus is amphi« 
delphic. Only one to two eggs are usually seen in each uterus; seg- 
mentation has begun when they are deposited. The ovaries are 
reflexed. The single testis of the male also is reflexed. The spicula 
arc rather slender, arcuate, and cephalated at the proximal ends. 
The guliornaculum is very diflerent from that of /?. spengelii; it is 
longer and more like a spiculum. The arrangement of the muscles of 
the spicular apparatus may be seen in Figure 1, C. The oblique 
copulatory muscles are strongly developed and extend about three to 
four times the length of the spicula in front of the anus. The arrange- 
ment of the male copulatory papillae is also different from that of any 
other Diplogasteroidcs. A comparison (fig. 1, C) i^hows best the 
manner of their arrangement. The phasmid of the male can be 
located with the help of the female, which also has this structure on 
its tail. (Fig. 1, D.) 
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Diagnosis . — DiplogaKtoroidcs witliout lateral wings or longitudinal striae 
but with transverse striae composed of dots which are sliglitly larg(‘r on th(‘ 
lateral fields; w'itliout spe<dal labial structures, mnpliids near the (uid of the first 
fourtli of the j)harynx; {interior esophageal bulb well developed; female apparatus 
amphidelphic; vulva in front of middle; arrangenuMit of imile copulatory papillae 
as shown in Figure 1, C. 

DlPLt)GASTEH AMERICANUS, N. Sl». 


Diplogaster arnericanus (figs. 2 and 3) is a large form with a long 
slender tail. The body tapers only slightly toward the head end, 
which is broadly convex. The cuticle is annulated at the head end as 
shown in Figure 2, A; but this annulation soon disappears and 24 
longitudinal wings or ridges arise, which can be seen all along the 
body surface to the beginning of the filiform portion of the tail. 
Some of these wings fade out as the body begins to taper in the anal 
region. All the wings are equidistant and appear finely transversely 
striated, whereas the surface between them seems smooth. This is 
very strange, because the annulation in front of the wings is complete 
and continuous. With high magnification this anterior annulation 
resolves into transverse series of dots, but no such dots are seen on the 
transversely striated wings. Here, however, the annules are much 
finer. The dots on the head region are arranged in two scries to each 
annule, one series in the interannular groove and one along the middle 
of each annule. A single circle of i\ papillae crowns the head, but in 
addition there are 16 small lips. In the specimens studied they ap- 
peared as small rounded elevations surrounding the oral opening and 
were easily seen in the side as well as in the frontal view. However, 
it is thought that these lips, when opened and unfolded, will present a 
diflerent aspect. From the center of each a long, conical, setalike 
structure runs down the wall of the mouth cavity, giving the latter 
the appearance of being longitudinally striated. However, it is 
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thought that all these are labial papillae or setae, normally folded 
back into the oral cavity, but unfolded and protruded when the 
nema is feeding. Perhajis they are not sensory organs at all, but of 
mechanical significance during the intake of food. The pharynx 
is of irregular shape, the anterior part being wider than the posterior. 
There is a large sliglitiy subdorsal tooth, curved forward, with strong 
muscles attached at its base; it is situated at the bottom of the an- 
terior portion of the pharynx. This dorsal tooth, in side view, seems 
to be opposed by two subinedial ventral ones of smaller size and not 



FK.ruK 2 Dipfognxter amfricatnis, n sp 

A -llojitl «‘n(l in sKh' view amph, \niphi<l; ann pnrt rtg, unniilatod and pinictato roijioii nf c*uti<*lo. 
nnt ph, anterior portion of pharyin; beg Ing idg, boginninu of the crohs-striulod lonKitndinal ridKos 
(ui the siirfaoo of the ciiticlo; dxl on, dorsal onchmm, lb, lahia (ifi). muc, protrudint!: inusdoof on- 
chium; post ph, posterior porlion of i»harjn\, s reg, smooth surface ribbon betwewi tho loiiKitii- 
dinal ridKos, rnt snbm ppl, vontrosiibniodial papilla X about 1,4H3 
a -Anterior ond in side vk^v detrid, Dnrid located on a loiiKitudinal ridpc that is sliglitlj enlarged 
at this place, p er, iiorus cxcrctorms X about 5;t:t 
C. — Front view of liead amph, Am]dii<l; lat ppl, lateral papilla, lb, labnim; subd on, subdorsal 
onchmm; sub ppl, submcrlial papilla. X about 1,433 

curved ; but in a front view nothing could be seen of the latter, and it 
is therefore concluded that these are only elements of the wall and not 
real teeth. The anterior portion of the esophagus is extremely strong 
and thick and followed by a large and muscular median bulb, dis- 
tinctly set off and with well-developed strong internal walls. The 
second portion of the esophagus is shorter, well set off from the median 
bulb, of clear transparent appearance, and with a good-sized posterior 
bulb containing several nuclei. The intestine consists of large, gran- 
ulated, polyhedral cells; there are probably only three in a cross 
section. The excretory pore is well defined and has strongly cutic- 
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ularized walls; it opens ventrad of the nerve ring. The female 
sexual apparatus is amphidelphic. The ovaries are reflexed. The 
male has a single reflexcd testis. The male copulatory apparatus 
consists of two slender spiciila, curved and slightly cephalated at the 
proximal ends. There is a single guhernaculum not quite half as 



A.” view of anal region of malo, with copulatory apparatus (spicula, guberiminilum, and 

papillae). X about 533 

li. — Tail cTi<i of male; hrs vtne, bursal muscles, <iUat an, dtlaUitor ani; protr gub, protractor giibei nac- 
uli; protr 8p, protmetor spiculi; rHr sp, retractor spiculi; i~7, largo copulatory papillae; 1-V, small 
copulatory iMipillae. X about 53.3 
C —Tail end of female. X about 533 

long as the spicula but much wider and stronger. (Fig. 3, A and B.) 
The arrangement of the muscles of this copulatory apparatus is best 
studied on Figure 3, B. The retractor spiculi has its usual position. 
One protractor spiculi runs from the proximal end of the spicula to the 
anterior labium of the anus. Another protractor muscle connects the 
proximal end of the spicula with the inner end of the gubernaculum. 
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The protractor guV)crnaculi connects the gubcrnacuhini with the 
posterior labium of the anus. Numerous bursal muscles are also 
present, extending at least three to four times the length of the 
8])iculum forward from the anal o])ening. The male copulatory 
papillae are very prominent; in fact they have more the shape of 
strong setae than of papillae. Some are much larger than the others. 
For their arrangement see Figure Ih A and B. As may be seen, all are 
ventrosubmedial or ventrolateral. 

The present form is undoubtedly closely related to Diplogaster 
f^triatvs, />. liratuSj and I), irlvhurh. It belongs to the same group 
as these and may possibly later be brought into one and the same 
genus or subgerius, when the numerous species of the present genus 
Diplogaster are revised and reclassified. 

Ecologically the members of the present genus Diplogaster include 
free-living, plant-parasitic, and animal-parasitic forms. “Bridges’^ 
exist between the free-living members and the others through sapro- 
phytic and saprozoic forms. 
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Diiignosisr - Diplogastor, tlio plain nx of which is divided into a wide but short 
anterior j)orti()ii at th(‘ base of wliich a lar^e movabl(3 sli^hlly siibdorsal tooth 
found, and a less vvid(‘ but not uarnov cylindrical unarmed posterior portion 
about one and one-half 1inu»s as long as the anterior. Lii>s small, 10 in nnni- 
l)er, with set alike ])roc(\sses, which can l)e folded into the anterior portion of 
tin' pharynx and appear then as longitudinal striae of thi‘ phar\ ngeal wall. Cu- 
ticle of th(' head (*nd aunulated, each annule with two transverse striae, one in the 
inli'rannular groove, the other on the c(*n1er of the annule; these striae resolve 
into dots; behind the head t*nd 21 longitudinal, e(|uidistant w ings or ridgi^s, which 
are finely transvers(*ly striated, whereas the space between them is smov>th; walls 
of excretory iiore heavily cuticularized. Male cojnilatoiw pa])illae as shown. 
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SYNTHETIC NUTRIENT SOLUTIONS FOR CULTURING 

USTILAGO ZEAE^ 

By Emkuy R. Ranker 

Formerly Assocmlv Ph]/siologtnt, Office of Cereal (^rops and Diseasefi, Bureau of 
Plant Induslrg, United States Department of Agriculture 

INTRODUCTION 

I'sUhiffo zeae (Horkin.) Ui)^., the or^aiiisni caiisii]^ smut of maize, 
when eultured artificially, usually is ^rown on a medium that has 
as a l)asis a decoction, extract, or infusion of a ])art of some })lant 
or plant product. Various salts or sugars or both may be added. 
Potato decoction or (‘ari'ot (fe(‘oction or agar is gcuierally used at 
present as the basis for media in whicfi to culture the fungus. Sar- 
toris - recommended a malt extract to which was added pei)t()ne, 
calcium nitrate, and ])otassium nitrate. Christensen and Stakman,*^ 
in their work on physiologic specialization and mutation in C. zeae^ 
used a potato-dextrose medium. 

These ^arious infusions and decoctions are mixtures of soluble 
plant substances in solution. The specific substances contained in 
them ai*e ujiknown for tlie most part, and of nec'essity they must be 
varial)le, depending ui)on the variety, conditions of growtli, duration 
of storage, etc*., of the material used. It is obvious that such culture 
media can not bc' standardizcMl readily and that their c^xact dupli- 
c’ation is uncertain. This is true wliether the* staiidardizaticm and 
duplication are undertaken by different workers in the various 
lat)oratories or by the sam<» worker in the same laboratory. 

The observations and <‘X[)eriments that have indicated the existence 
of physiologic spec'ialization in f W/Yc/c/o zeae have treceded the 
development of cultural media that could l)e accurately duplicated. 
It is known tliat these various physiologic forms differ greatly in 
a])pearanc’<‘ when cuillured on different media. Most of the results 
on physiologic* forni.s are based on morphologic characteristics of 
the fungus in culture. Carrot or potato deeoctioii made from freshly 
grown material, for example, when compared with a decoction of 
the same name made from material that has been in storage for 
several mcjiiths, may be so different in its physical or chemical prop- 
erties as to b(‘ actually a different medium. A definite c'onception 
of physiologic forms of the coni-smut fungus thus grown would be 
diflicult to establish. The* results obtained might lead to confusion 
and the needless muItiplic*ation of supposedly different forms. Ob- 
viously there is need for some standard cult\ire medium that can be 
accurately duplicated in any laboratory at any time. 

Theoretically, the ideal medium for culturing (j'stHago zeae should 
satisfy the following requirements at least: (1) Its constituents 

^ rteceivocl for publication Oct. 1, 1929; issued Octolier, 1930. 

2 Sartobis, Q. B. studies in the ufk history and phy'siolooy of certain smuts. Amer. Jour. Bot. 
11: 617-647, illus, 1924. 

3 Christensen, J, J., and Stakman, E. C physiologic spkciaiiz\tion and mutation in ustilago 
zeae. Phytopathology 16: 979-990, illus. 1926. 
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should be pure eheinieals that would permit accurate duplication 
of the niedium; (2) it should be able to produce, in the same period 
of time and under the same conditions, an equal or a greater quantity 
of growth of V. zeae than is produced in the generally used potato or 
carrot decoction; (3) it should have as few constituents as possible 
consistent with this growth-producing standard; and (4) the constit- 
uent chemicals, when added in solution and in culture concentration, 
should produce little or no precipitate, and the resulting medium 
should have a hydrogen-ion concentration (preferably after steriliza- 
tion) favorable to growth without the addition of either acid or alkali 
to adjust the reaction. 

With the above-listed four recjuirements as a guide, a great many 
(‘combinations were made. Mai\y were ruled out b(‘cause of the for- 
mation of pr('ci])itates that were not dissolved following sterilization 
of the culture solution. Other combinations were discarded because 
of unfavorable hydrogen-ion concentration either before or after the 
growth of the fungus in them. Finally 26 nutrumt (‘(mibinations 
were chosen for a more detailed stud 3 ^ 

MATERIALS AND METHODS 

The 26 nutrient solutions listed in Table 1 were tested in detail 
for growth-producing possibilities in Ccomparison with the control 
medium, carrot decoction. Most of these solutions were free from 
])recipitates after sterilization, but a few of them produced a negligible 
precipitate. These nutrient solutums are referred to as “synthetic'’ 
in (‘ontrast to the decoction mixtun's now used generally. 

Tahi.k l.~ Formulnn of 26 synthetic solutions tested for culturing Ustilago zeae 
[Quantities of cliemicals expressed as grams m u liter of solution] 


Quantity of indicated choniical 
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The cheiiiicals oiiiplovod in iho culture solutions given in Table 1 
were incasured in cubic centijneters from stock solutions. The stock 
solutions of the first clieinicals, K2nP()i to Na2lIP04. 121120, 
inclusive, were of such concentration that a unit of 10 c. c. was equiva- 
lent to 1 gin. of the salt. The stock solutions of the next 0 (‘heniicals, 
Ca8(Xi.2H20 to FeC-l.^, inclusive, were of such con(‘entration that a 
unit of 100 c. c. was ecjuivalent to 1 gm. of the salt. The stock solu- 
tion of dextrose contained 200 gm. per liter, i. e., a unit of 5 c. c. was 
equivalent to 1 gm. of sugar. 

The same stock solutions were used throughout the experiments, 
and the same pipet tes were used in nu^asuring the recpiired (juaritities 
of the respective st-0(‘k solutions. In making up the various culture 
solutions about SOO c. c. of distilled water was added to the flask 
})rior to the addition of any of the chemieud constituents. This was 
done to minimize the formation of precipitates. With the excerption 
of se)lutions Nos. 21 and 25, all the)se (‘e)ntaining both magnesium and 
iron proeluced a slight ilocculent e*olloidal ])recipitate. This precip- 
itate could be re'snspende'd readily on shaking. All other solutions 
contained a ne‘gligible precipitate e)r ne)ne at all after sterilization. 

The control solution was a cai'rot dercoction. This was chosen as 
a standard of merasure because of its geuieral use in euilturing I'siilago 
Z((t(\ It was made from chop[)(Hl raw' carrots in elistilled water. 
This mixture was autoclaverd for 1^0 minuters at a ])rerssure of 15 j)ounds, 
after which the mass was filtered and the filtrate was diluted with 
distilled w'ater until it was a decoction of 1,000 gm. of (uirrot roots 
per liter of solution. 

T Mu.io 2. 11 tjd} oqvti’-ion c(tncrftlration,s of Ihc 26’ 7iutrn'nt sol uf ions and of the control, 

both befor( and aft('»' sta iU zation 
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The hydrogen-ion concentrations of the 20 nutiient solutions and 
of the control (carrot) decoction, before and after sterilization, are 
given in Table 2. The determinations w'ere made colorimetrically. 

After the various nutrient solutions were prepared, 50 (* (*. of each 
was pipetted into each of the desired number of 125 c. c. Erlcnmeyer 
flasks and sterilized in the autoclave for 15 minutes at a pressure of 
1 5 pounds. After sterilization, three to five flasks of each of the nutri- 
ent solutions and of the control were inoculated with the smut from a 
single collection. 
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Smuts from iiinc (lifferent collections were used. Data on these 
are given in Table 3. These smuts were grown separately in carrot 
decoction for six days, during which time they were constantly agi- 
tated in a mechanical shaker to prevent growth-lump formation. 
They were then used as the inoculum, one drop being used to inoculate 
each of the flasks containing 50 c. c. of the various nutrient solutions. 
After inoculation the flasks were placed in an incubator maintained at 
a temperature of 25® C. :f0.5®. Twice each day the flasks were 
shaken by hand to keep the smut colonies broken up and thus prevent 
formation of growth lumps. 

Table 3. — I/ififorij and source of the nine cultures of list Hugo zcae used in the 

experiments on media 


Culture No. j 


History and source 


Iss I Grown from a suikIo siwridium isolated m 102(5 from a culture of smut obtained m 1921 from 

I Madison, W is. 

2.SS Grown from a single sporidium isolated in 1020 from u culture of smul obtained in 1922 from 

i Arlington Experiment Farm, Rossljn, Va 

4SS--2 I Grown from a single siiondmm isolated in 1020 from a culture of smut obtuinod in 1022 from 

' Arlington Experiment Farm. 

liOss j Grown from a single sporidium isolated in 1020 from a cult tire of smut obtained in 192.') from 

I Arlington Experiment Farm. 

;i”-2 1 Isolated from smiif-gall tissue collected at (Mem.son (Villege, SC, l‘.>27 

.24-2 I Isolated from smut-gall ti.ssue collected at Me.sjlla Paik, N Mev , 1027 

.“^O-l ! Isolated from smut-gall tissue collecteil at (he Davis County Exiienment Farm, Farming- 

I ton, Utah, 1027. 

(50-2 1 Isolated from smut-gall tissue collected at Manhattan, Karis , 1027 

74-2 Isolated from smut-gall tissue collected at University Farm, St Paul, Mum , 1927. 


Each smut was grown in the various nutrient solutions for the 
periods of time indicated in Table 4, At the end of the period the 
flasks were removed from the incubator and the quantity of growth 
that had developed was determined. 

Considerable difficulty was experienced in finding a method that 
would be sufficiently accurate and yet rapid enough to allow making 
the doteriiiinations within a reasonable time. The method of deter- 
mination by filtration and subsequent weighing of the smut residue 
and filter paper was found to be impossibly slow. The method of 
evaporating the liquid from the cultures ^nd then weighing the smut 
and remaining solids was considered too inaccurate because of the salt 
and sugar residue that would be weighed with the smut. This error 
would be greatest with tho.se cultures that had grown least and thus 
would tend to equalize the results from all solutions. 

A combined method, consisting of centrifugation followed by filtra- 
tion of the supernatant liquid and subsequent weighing of the total 
residue, was tried. This method was reasonably accurate, but it was 
slow, and for routine work there were too many operations with the 
danger of loss of material during transfer. It was found also that this 
combined method did not produce results that were any more accurate 
or more uniform than did the method finally selected. 

This method consisted of centrifugation at 1,800 revolutions per 
minute for three minutes, followed by the direct reading of the 

3 uantitative results in terms of cubic ‘centimeters of smut thrown 
own. This centrifuge method was rapid and as accurate as any 
method tried. Centrifuge tubes were used that were accurately cali- 
brated to 0.10 c. c. and that could be estimated to 0.05 c. c. All the 
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results nro reported as “ciibie eentiineters of growth obtained by 
centrifugation/’ 

Table 4:.--Avera{fe grotvth of rultureff of Uslilago zcae m the control {corrot 
decoction) and in the Jift Hijnihctic, nutrient solutions listed in Tabic 1 

[Eat'h ftgiire, winch is the aveniKe of three I o five eultures, infllcafes the cuhu* c<‘atiraeters of fungus grow tli 
precipitated b> centrifugation foi throe iiimiites at 1 ,»(M) r. p in The iiicuiiatioii iK^riods w'ere as follows. 
No 3-2, 2 weeks, No Iss, 10 days, all others, 3 wc-ieksi 


I 

j Average fungus growth proilucod by cultures of the indicated number 


Nutrient solution Nti 

t 1 

I 2ss ! 4ss- 

2 

Iss 

3jss ! 

3 2 ! 

31-2 

.00 1 ' 

1 

f)P-2 j 

74-2 

1 

0 .o 1 

7 

0 3 

0 3 ' 

0 2 

0 2 

0 2 

0 3 1 

0.1 

2 


4 

.3 


2 

4 


2 

. 1 

,■{ 


7 

. 1 

4 

3 ‘ 


1 

2 1 

. 1 

1 . ... 

.2 

1 

.2 

.0 

. 1 1 



^ i 

05 

."i - 

0 

1 

1 

. 2 

. 2 


1 

2 

. 1 

(i - . 

1 

7 

1 

, 2 


1 

1 

. 1 1 

. 1 

7 

, 7 

S 

4 

. 7 

2 



4 

2 

h. 

0 

.0 

1 

2 


1 

nr» 

3 1 

. 05 

9.. . 

.o 

3 

1 

3 

1 

2 

2 

• * 

1 

10 . 

r> 

2 

3 

i 

1 

2 

T 

.3 1 

1 

11 - 

.0 

1 

0 


3 

3 


3 

1 

12 

1 

4 

7 


.A 

3 

1 

3 

1 

13. 

1 

4 

1 

' .3 

2 

2 ' 


.3 ; 

. 1 

14 ... . 

.‘i 

1 

1 

' 4 

2 

. 2 

1 

2 1 

. 0.5 

1.') . . . - . 

.3 

4 

. '» 

1 

3 

3 

( )*) 

3 ' 

. I 

10 . . ... 

.3 

3 


I 

1 , 

3 


.3 

. 1 

17 

1 

0 

,*» 


3 1 

2 ' 



. 1 

IH 

4 

.'i 

ft 

r» 

] 

2 

.1 ! 

' 1 1 

. 1 

10 . . . ... 

1 

(> 

7 

0 

2 

4 

1 1 

3 ' 

1 

20 . .. 

1 

0 

1 



1 

1 

3 

\ 

21 

ft 

1 

S 

2 

1 

2 


2 ' 

.1 

22 . . 

2 

0 

1 

3 ' 

1 

2 

i' i 

.3 , 

. 0.5 

21_ . . . 

3 

2 

2 

1 . 4 

2 

2 

1 

3 i 

.05 

21 . . 

. 1 ! 

1 

2 

1 ; 

2 

■ 1 


1 1 

.05 

2r^ 

0 

0 

K 

.3 ' 

2 

3 

or. 


. 1 

20 


r, 

4 

2 ' 

2 

3 

1 

< .3 1 

. 1 

(’ontrnl . . 

4 1 

3 

:• 

1 


2 

1 

i 4 

.1 


rp:sults obtained with various synthetic solutions 

The data obtained by growing the various smut (‘ultures in the 
2() nutrient solutions tested and in the control (carrot decoction) 
are given in Table 4. In this table is shown the average growtli of 
(uich smut in each nutrient solution. There are 242 averages to be 
foinpared, I being missing from the total of 243. Of these, and for 
each respective smut, 22G of the average (juantities of growth were 
less than or only equal to those produced in solution No. 7. In only 
1() of the 242 averages were the respectivi* average quantities of 
growth greater in some other nutrient solution than in No. 7. In all 
i(> cases in which the average growth was less in solution No. 7 than 
in some other nutrient solution the smut (‘ulture was either No. Iss 
or No. ,V2. In but 1 case (smut No. Iss) did the average growdh in 
the control solution (carrot decoction) exceed that in solution No. 7. 

An analysis of the data in Table 4 indicates, therefore, that syn- 
thetic nutrient solution No. 7 is a superior medium for culturing 
Ustilago zeae. A consideration of Figure 1 confirms this indication. 
In Figure 1 the average growth of all nine smut cultures in each of 
the respective nutrient solutions is graphically represented. The 
data on total growth rather than on the average growth of each smut 
culture in the respective solution bear out the same conclusion. Such 
a comparison could have been graphed had it not been for the ina- 
bility to obtain the results of growth of smut No. S-2 in the con- 
trol solution (Table 4). This culture w^as too viscous to centrifuge 
quantitatively. 
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In order to determine further the value of nutrient solution No. 7, 
the latter was used in a second comparative test with carrot decoc- 
tion. The test w^as made under conditions similar to those of the 



FUiUiijs 1 . — Average growth of 9 collections of corn smut (UsUiago zeae) cultured in the control solution 
(carrot decoct lou) and in the 26 synthetic nutrient solutions tested These are averages of totals and 
necessarily differ somewhat from similar averages calculated from the data of Table 4 


first test, except that seven instead of nine cultures of Ustilago zeae 
were used. The results are presented in Table 5. 


Table 5. — Average growth of cultures of Ustilago zeae in the control {carrot 
decoction) and in synthetic nutrient solution No, 7 

[Each figure, which Ls the average of five cultures, indicates the cubic centimeters of fungus growth pre- 
cipitated by centrifugation for three minutes at 1,800 r. p. m. The incubation period was three weeks] 


No. 7... 
(’ontrol 


Nutrient solution 


Average fungus growth produced by cultures of the 
indicated number « 


; iss 

1 

2ss 

! 

1 

4ss“2 

36ss 

34-2 

60-1 

74-2 

! 

0.6 

0.6 

1.7 

0.8 

0 3 1 

0.2 

0.2 


.6| 

1.1 

.4 j 

1 i 

.2 j 

.2 

. J 


« Smut cultures Nos. 3-2 and 60-2 are not included because they did not survive and were not avail- 
able when the work was repeated. 
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Tabic 5 shows that the fungus growth of two of th('. cultures was the 
same in solution No. 7 and in carrot decoction and that the growth of 
five of the cultures was greater in nutrient solution No. 7 than in 
carrot decoction. This confirms the data of Table 4 in showing the 
value of nutrient solution No. 7. 


OPTIMUM DEXTROSE CONTENT 

It will be noted that all the nutrient solutions tested, except the 
control, contained uniformly 10 grn. of dextrose per liter of solution. 
As this (juantity of dextrose was chosen arbitrarily, the desirability 
of determining the optimum (|uantity of dextrose is apparent. 

As solution No. 7 had proved to be the on(‘ best suited for culturing 
the organism, it was used as the culture medium in tests for this 
purpose. The dextrose content was varied from 2.5 to »3() gm. per 
liter, forming 10 nutrient solutions as indicated in Table 6. Flasks 
containing 50 c. c. of each solution were used, as previously described. 
Each 50 c. c. lot was inoculated with one drop of a carrot-decoction 
culture of smut No. 4ss-2, generally the most rai)idl 3 ^ growing culture 
in the group, but for some unknown reason not always constant in 
its growth responses under supposedly identical conditions. The con- 
tained cultures were incubated at a temperature of 25° ±0.5° (J., and 
twice each day the flasks were shaken to pr(‘vent colon}" formation. 
At the e,nd of b) b w-eeks, respectively, the quantity of grow th 
in the three sets of five flasks of each solution was determined by cen- 
trifugation as previously described. The results are given in Table ti 
as averages of the five flasks of eacdi series. 


Tahlk (). -livsullfi of tes(.^ to determine the opt 'Dnum amount of dextrose to use in 
synthetic nutrient solution \o. 7 for eulturiny Ustilago zeae 

i Rat'h figure iinhcales the cuhjc ('entuiieter of fuiigius growth pieripitafed by ceiitrifugrttion for three 

at J.SOO r p ui.J 



1 

Aserage growth (»f .smut out- 



V verage 

grow th of smut ciil- 

(’ulturti 

Mdution 

No. 

Dovt ro.se 
(grams 
per liter) 

ture No 4ss 2, 
cHted period 

after iiidi- 

1 (’uUiire 
, .solution 

J No. 

Dextrose 
(grams 
per htci ) 

ture No 4ss 2, 
rated period 

ifter null- 



3 weeks 

0 weeks 

9 w cH»ks 



3 w eeks 

0 weeks 

9 w eeks 

7- a 

2 T) { 

1 J 

1 0 

1 

1 0 

1 7-^' 

1.5 0 ' 

0 8 

0 7 

1 0 

7~l). , 

0 1 

1 3 

1 7 

J 9 

7 f 

' 17 5 • 

.7 

1.0 

1.0 

7-c . 

! 7 f) 1 

1 1 

1 9 

, 2 0 

!, 7-g 

20 0 i 

.0 

.8 

.8 

7 

! to 0 ! 

1 0 

1 7 

i K 

r 7-h 

, 2.5 0 1 

.5 

. 0 

.5 

-d i 

j 

1 

! 1 

,9 

1 

1 1 

; 1.5 

1 

7-1 

1 30 0 1 

1 1 

.5 

.5 

.5 


From the data of Table 0 it is evident that growth is definitely 
limited by th(», addition of less than 5 gm. or more than 10 gm. of 
dextrose per liter of culture solution. The optimum quantity appears 
to vary from 5 to 10 gm. of dextrose per liter, depending upon the 
length of time the culture is incubated. 

COMPARISON OF DEXTROSE WITH MALTOSE 


Using maltose, Sartoris * found that the optimum concentration for 
culturing Ustilago zeae and certain other species of the same genus 
was M/7, as shown in his Table 5. He used this concentration (M/7) 


* Sartohis, a. B. Op. cit. 



442 Journal of Agricultural Research voi. 41, no. e 


in a study of the relative influence of dextrose, lactose, levulose, and 
maltose on the growth of (^.ertain smut species, including U. zeae, A 
solution of M/7 (‘oncentration would correspond to approximately 
51.5 gm. per liter for a disaccharide (C 12 H 22 O 11 .H 2 O) and to approxi- 
mately 28.3 gm. per liter for a monosaccharide (C6Hi2()o.H20). This 
concentration (28.3 gm. per liter) of dextrose used by Sartoiis is from 
2.8 to 5.7 times as concentrated as the optimum concentration (5 to 
10 gm. per liter) found by the writer in growing corn-smut cultui'c 
No. 4ss '2. The results obtained by the writer can not be compared 
directly with those obtained with IJ. zeae by Sartoris (his Tables 5 
and ()j because his data are not reported in quantitative units of 
measure. The quantities of growth obtained in his experiments were 
determined, apparently, by observation and reportenl according to 
arbitrarily (diosen scales, the minimum of which was indicated by the 
figure 1 and the maxima of which were indicated by the figures 4 
or 5. 

Sartoris found that maltose was the best sugar for the development 
of secondary spores of ( 'Milago zeae. As dextrose had been used as the 
source of carbohydrate throughout these experiments, it was decided 
to compare the growth of smuts in nutrient solution No. 7 containing 
dextrose with the growth of smuts in the same solution in which mal- 
tose had been substituted for the dextrose. Fifty cubit* centimeters 
of each solution was used per 125 c. c. flask, and triplicate cultures for 
all the smuts used previously were made in each of the two solutions.' 
The cultures w(‘re incu])atcd and shaken as indicated in previous 
experiments. After thret' weeks the {piantiti(»s of growth we?'(' 
deterjuini'd by centrifugation and are expressed as (‘ubic centinu'ters 
of sjuiit thrown down. These data are givet^ in Table 7. 

Tahj^e 7 .- Average growth of seven smut cultures {Vstilago zeae)^ each incubated 
three weeks in five fasks of nittrient solution No. containing cither dextrose or 
maltose at the rate of 10 grams per Liter 

IKatli fiRiiro indicates the ciihic eentimeteis of fuiiRUs iirowlh ineciphated t).\ lenlnfut-ation foi three 

ininutes at l,h00 i. p. in J 


Nutrient solution No 7 conlaiiimR - 


Oevtrose. 

Maltose. 


Avemgo Rrowth of culture No 


1 

Iss j 

2 ss 

•Iss- 2 

Ilfiss 

34 2 

O.d j 

0.7 i 

1.0 

' 

' 0.7 

0.5 

1.1 1 

1 

H 1 

2.0 

{ 1.0 

.0 

1 



The data of Table 7 indicate that with five of the smut cxil lures 
maltose supported more growth than did dextrose. In one ease the 
quantity of grow th was the same, and in one case dextrose supported 
more growth. These data indicate also the variable carbohydrate 
metabolisin of the various smut cultures, the variation being most 
common in those cultures each of which was derived from a single 
sporidium (Nos. Iss, 2ss, 4ss-2, and 35ss). 


« SaBTOKI';^ (J , B. Op. cil. 
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CONCLUSIONS AND SUMMARY 

The various nutrient media (decoctions, extracts, or infusions of 
plant parts or plant products) generally used for culturing Ustilago 
zeae are unsatisfactory. This is true espetdally in corroborative work 
or repeated experiments leading to the ])ossible segregation, classifica- 
tion, and identification of the various ])hysiologic forms of U. zeae. 
It is no less true in cxfieiiments dealing with the fundamental nature 
of resistance of corn to infection by //. zeae. There is need, therefore, 
for a synthetic nutrient medium composed only cf definite, purified, 
chemical compounds, thus jiermitting accurate duplication at any time 
and in any laboratory. 

The data reported show that synthetic nutrient solution No. 7, 
described herein, meets this need and satisfies the requirements for 
such a medium. F^xperimenls with nine separate smut (‘ultures 
{Ustilago zeae) have demonstrated its superiority over carrot decoction 
and the other solutions tested. Nutrient solution No. 7 is composed 
of but four inorganic compounds and dextrose in solution, to which 
agar may be added to produce a solid medium. When these constit- 
uents ar(i added in solution there is practically no precutntate formed 
and the resulting hydrogen-ion concentration is favorable to growth. 
This situation makes it iiossible to keep the total concentration of the 
solution at a constant level and permits accurate duplication, as 
luuther acid nor alkali need be added to adjust the reaction of the 
solution. The reaction of this nutrient solution before sterilization 
is pll 7.4, and after sterilization it is pH r).h. 

Synthetic nutrient solulion No. 7 has the following composition, 
expressed as grams peu* liter (d* solution: 

Kj SO 4 . 0.3 gm. 

NIL NOi - _ .1 gm. 

C-a. Clj. _ - _ .1 gin. 

Mg.} .1 gm. 

Dextrose. 10.0 gni. 

Di.stilled water to niak(' — lOlitcM* 

When used as a solid medium, 1.5 per cent of agar was added. For 
certain physiologic forms of smut (Ustilago zeae), it may be desirable 
to substitute maltose for dextrose. Maltose, however, is from 10 to 
15 times as expensive as dextrose. 

35141— .W - -2 




PREDACIOUS NEMAS OF THE GENUS NYGOLAIMUS AND 
A NEW GENUS, SECTONEMA* 


By Geuald Thorne 

A.^Mx'iafe Niniatologmt, Office of Ncniofology, Bureau of Plant Indvalry, 
United Slatcft Department of Agriculture '^ 

INTRODUCTION 

Tlic major iicmic^ posts of ciiltivatod crops in this (‘oimtry have no im- 
portant natural enomios, at least so far as is known at the present time. 
Tliis seems to be espe(‘ially true of the supir-beet nematode, Ilelero- 
dera schachiii Schmidt, which is one of the most destructive parasites 
of tlie su^ar beet in the Western States. Many billions of these 
nernas frequently are found in an acre of ground, and it would seem 
that such enormous numbers would attract some natural enemies. 
IVodacious nomas of the genus Mononclius o(‘(uisionally prey upon 
them, but so far as is known, not to a degree that is of <‘.Gonomic 
importance iH)? 

Among the other pn^lacious species commonlv found in these 
infested fields are those belonging to the genus Nygolaimiis (.'obb 
(/, 2) and Sectonema, nov. gen. These two groups were the subject 
of the r(\sear(‘hes here recorded. 

NYGOLAIMUS 

HABITS 
Food Habits 

For this study fields were selected that were inhabited by sev- 
eral species of nygolairns and heavily infested with Heterodera schachfii. 
Soil samples were collected from about the beet roots and tlie nemas 
secured by sifting and gravity metJiods. Many nygolairns were found 
living in close proximity to the females of H. brhachfii that were 
clinging to the beet roots. These females apparently offered ideal 
victims for the nygolaims, for, being attached to the beet roots, they 
could not escape. Hundreds of specimens wore collected and the 
intestines carefully examined for traces of the body contents of 
11. schachtii or other nemas, but in not a single instance wore such 
remains found. 

In many of the specimens examined it was possible to identify the 
setae and cuticle of oligochaete worms (Enchytraeidae), and practi- 
(*ally all individuals contained material that appeared to be the body 
contents of these worms. This was especially true of small species 
like Nygolaimus vulgaris ^ which are too small to swallow^ anything ex- 
cept the liquid or granular contents of the worm^s body. 

When fed in the laboratory both nygolaims and sectonemas invari- 
ably refused to devour other nemas but frequently attacked and fed 


^ Received for publication Feb. 21, 1930; issued October, 1930. 

* The writer is deeply indebted to Dr. N. A. Cobb and Dr. O. Steiner, of the Ofllco of Nematoiogy, for 
helpful criticisms and suggestions during the preparation of this paper. Thanks are also due Dr. J. G. 
de Man. of lerseke, Netherlands, for verifying the identification of Nygolaimus brachyurus and N. hartingii, 

* Reference is made by number (italic) to Literature Cited, p. 
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upon the oligochaetes. Tn this respect Sectonema vetitralis was found 
to be more voracious than any of the nygolaims. 

Method of Attack 

The nygolaims apparently located the oli^ocliaete by touch only, 
or at least by veiy close proximity. Often the head of the nygolaini 
may pass very near the worm without the nygolaim^s appearing to 
observe its |)resen(u\ When the nygolaim locates the oligochaete it 
presses its lips tightly against the body, the lips probably being held 
there by the suction of the esophagus. The pharynx is then thrust 
forward, as shown in Figure 8, A, B, C, and the tooth driven into 
the body of the victim. The tooth is then withdrawn and the body 
contents of the prey sucked out. The writer has not observed a 
feeding nygolaim devour the skin of a victim, but that this fi*equently 
is done, at least by the larger species, is shown by the many specimens 
that contain the setae and cuticle of oligo(*haetes in the intestine. 

From the knowledge at present available it appears that the Tiygo- 
lainis are not of economic importance in the control of plant-infesting 
nemas. 

IIAIUTAT 

The nygolaims inhabit botJi soil and fresh water, but at present 
those in the soil appear much the more numerous. Like the preda- 
cious mononchs they prefer the lighter sandy soils, probaLly for the 
reason that sandy soils give more freedom of movement for i>ursuit 
and capture of their prey. Occasionally, however, colonies of the 
smaller species are observed in (iay loams. So/ne species are found 
only where there is an abundance of moisture, while others prefer the 
arid desert soils in which activity is limited to only a few weeks in th(' 
spring and fall when the soil is moistened by rains. Apparently there 
is only one generation each year, most of the eggs being deposited 
during April, May, and June, although rarely gravid females aiv found 
during other months. 

The distribution of the various spe(‘ies in a locality is usually (juite 
definite. vSome are found in the cultivated valley soils, while others 
appear only in collections from the mountains. The largest popula- 
tions usually occur in the cultivated fields. 

In no instance has the same species beeli found inhabiting both 
cultivated and virgin soil. The xiative species disappear w’hen the land 
is cleared and irrigated, and in their place are found species w^hose 
origin is problematical. Near Salem, Utah, Nygolaimus tenuis and 
N, vulgaris are numerous in cultivated fields, w^hile in virgin soil only 
a few rods distant N, hrachyurus and N. bisexualis are the species 
found. 

Nygolaimus vulgaris^ Sectonema ventralisj and Oligochaeta w^ere 
present in the two fields located near Lewdston and Salem, Utah, 
where the studies were made on the mononch populations (^). N. 
tenuis was also present in the Salem field, while N. hrachyurus and 
N, amphigonicus were studied in vir^pn soil near this field. The verti- 
cal range of habitat for these species is given in Table 1 . The numbers 
of individuals are the totals counted for each species and are not 
comparable as to the relative numbers actually present in the soil, 
because only two iT)-dr(nT 7 )-'a^*i’c samples were examined for N, hrachy- 
urus and N, amphigonicus, while 34 samples were examined for N, 
wlgaris and 30Jor iV. tenuis. 
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Table 1. — Vf-rtiral range in the soil of Nygolaitnns (Jour species) Sectonema 

rent rails y and Oligochacta 


Depth 


! Nygolai* 
I inus V ul- 
l?an.s 


N tenuis 


N. Hin- 
I)hiKoni- 
ciis 


K. 

brachv- 

unis 


(one* 
nm ven- 
tralis 


DHko- 

chaeta 


3 - 2 ... 

I- 4 .. 
5 - 0 . -- 
7-H 
9-10 

II- 12 
13- 14 
1.5* If) . 
17-lS . 
19-20 
21 22 
23 21. 


Jnchet 


Total 


Number 1 

Number 

I Numbir 

{ Number 

Number 

721 , 




2 

922 ' 


1 4 

' ii 

24 

.’iUi i 


[ 1 

JO 

20 

235 i 



1 r. 

19 

J42 ! 

i ' 


4 

12 

SO 

22 ! 


2 

0 

4K 

14 1 



13 

2 

12 1 



2 

r, ' 



1 


4 

7 ’ 



1 


4 i 



1 1 

1 

2 ' 

-- 

1 

1 

1.. .. I'l, 

2.G75 ■ 


12 

' 33 

107 1 


Number 

197 

420 

439 

407 

190 

134 

04 

f‘>4 

04 

37 

34 

20 


2, 070 


The pofiulalion ])er iicre for the following species was computed 
from representative soil samples; A^ygolaimus rulgarisy 78,888,000; 
/V. tennis j 2,27)0,000; A7 omphigoniemy (),000,00(); N. brachyurus^ 
1 (>,7)00,000; Sectonema renfrallsj 6,727,000; Oligotdiaeta, 107, 700, 000. 

Jt is evident that tdl these sjiecies, except Nygolaimus tenuis^ 
Generally are found in the first foot of st>il, as is common with most 
nemas, Unfortimately, no data are available on other species col- 
lected by (he writer, but these are from mountain or desert soil from 
whi(*h the samples usually were taken to a depth of less than 1 foot; 
so it may be concluded that, of the species studied, N. tenuis is the 
only one that favors a deep habitat. In no instance has there been 
observ(*d any tendency for a species to vary its depth of habitat in 
response to chan^i^es in moisture or temperatun*. The above data are- 
composite results of many samples taken at all months of the year, and 
include only a small portion of the individuals of these species that 
actually have be(*n observed in the extensive soil-examination wxirk 
carried on ))y the writer. 


(iENEKAL STRUCTURE 

In general appearance certain nygolaims so closely resemble nemas 
of the genus Dorylaimus that various nematologists have placed them 
in that genus without noting their true identity. 

While the writer was examining a collection of what was supposed 
to be Dorylaimus hartingii his attention was attracted by the three 
cardiac glands and the dorsal organs crowding the anterior end of the 
intestine. These were so unusual in Dorylaimus that a more careful 
examination of the specimens w^as made, and it was found that the 
tooth w^as located on the left submedian wall of the pharynx. This 
immediately placed the species in Nygolaimus, and a careful search 
through the writer’s collection of about 90 species of dorylaims 
revealed 10 more species of Nygolaimus that previously had been 
overlooked. 

During this investigation these two closely related genera were 
found to differ in the following respects : 
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N If golmrri US 


DoTijlaimus 


Tooth sot on left su])mo(iiiiii wall of 
pharynx. 

No definite ^^uidiiif? ring for tooth. 

Food does not i)ass tliroiigh tooth. 

Pharynx deep a?id definitely set off. 

Three conspicuous glands at base of 
esojfiiagus. 

Lips of vulva not eiiticularized. 

Gubenuiculum i)osterior 1o the spieula 
])rcsent. 


Tooth submedian, but not so dis- 
tinctly pharyngeal. 

Definite guiding ring for tooth present. 

Food passes through tootli. 

Pharynx not deep or definite. 

Glands not conspicuous at base of 
osophagus- 

Lips of vulva cutic\jlarized. 

Guberuaculum posterior to the spieula 
not present. 


Body. -Nyg:olaiiiis are coniparativ^ely larg^e nenuis, the lenj>:th 
varying: from slightly ov(n‘ 1 min. in Nygolaimm dubius to 4 -5 mm. in 
TV. dentindaius and N.jeros. The body is slender, the width rarely 
exeeeding 2.5 per cent of the length and often being less. The neck 
is slightly convex conoid to the head. Posteriorly the body begins to 
taper some distan(*e in front of the aims, beginning to decrease snddenly 
near the anus and ending in a hemispherical to elongate-conoid tail 
without a spinneret. 

J^oiiES.— The series of lateral pores described ])y C^obb for Syijo- 
laimvfi denficniatus doubtless is present in all sp(vi(*s. In some of them, 
especially the smaller ones, they are extremely difficult to see, or ev(‘n 
invisible. The antej*ior pore of the lateral series sonudiriies is located 
in the cuticle near the center of the escutcheon-shaped ani])hid. The 
first three or four pores lie almost in line, then the series begins to 
diverge into two distinct lines that continue nearly to the terminus. 
On N. hmehyvrus and others then', are dorsal and v('nti“al s(‘ri(‘s 
reaching from tin' head nea**ly to the middle of the esophagus. 

The phasmids apparently are not definite but are included in the 
lateral series of pores. However, there usually is one pore iK'ar the 
middle of the tail that is more, prominent than the others, and this may 
be the phasmid ])roper. 

Head. —The six confluent lips are amalgamated into a hexagonal 
mass bearing two circlets of innervated papillae that do not interfere 
with the contour of the lii)s. The inner cin'let consists of (> j)apillae. 
The outer circlet has only 0 in small specie's, but in the larger forms 
like NygolairtiXLH brachyurus and N. there are 10. From a front 
view the lips appear to lack lip flaps, and the entrance to tlie pharynx 
is closed by drawing the lips together. The broad amphids are 
escYitcheon-shaped with obscure slitlike openings. Fi*equently the 
body twists until the am})hids, seen dorsoventrally, give the head the 
appearance of being set off by a deep constriction, wffiereas in reality 
it may not be set off in any manner. 

Pharynx. — The pharynx opens through a narrow vestibule made 
up of six folds that allow^ for great expansion. (Fig. 7, B.) From the 
usual lateral view these plications frequently appear to form a guiding 
ring for the spear. The phaiynx proper is of double structure, the 
anterior portion being somewhat fusiform and the posterior more or 
less tubular. The anterior portion is made up of three sections ar- 
ranged tandem, the fii*st extending from the vestibule and widening 
out to the full width of the pharynx. The second is hexagonal in 
structure and forms the main body of the pharynx. (Fig. 7, C.) The 
third portion is pentagonal, due to the fusing of the two left submedian 
plates into a solid mass to support the tooth. (Fig. 7, D.) This third 
section narrows to join the long, slightly triquetrous, tubular posterior 
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portiijii of the pharynx. These sc'ctions form the eversible portion 
of the pharynx and allow the tooth to be thrust forward out of the 
mouth as sliown in Figure 8, A“(\ 

Tooth. — The tootli of A't/golaimufi dentlculatus and N. rneiLzelii 
tends to be (juite arcuate, but in the remainder of tlie species it is 
almost straight and projects dire(*tly forward from its location on the 
wall of the pharynx, l^sually it- is liollow almost the entire length, 
but in A\ vulgar ix and iV. bisexualifi the distal portion is an exceedingly 
slendtu-, solid point. 

Esoi»ha(;us.— This orpin is quite typically dorylaimoid. Usually 
the ])osterior three-tiftJis is enlarged l)y a gradual expansion, and 
frequently the enlarged ])ortion is irregular in widtli. (Fig. 9.) The 
musc.ulat\ire is strongly deyeloped and internal glands are present. 

( VuDiAc ULAN ns. — Tlicse are one of the distinctive features of 
nygolaijns, and it is to be wondered at that they have not been noted 
by previous investigators. Th(\y closely resemble the glands of 
Trilobus in their si/e and ])osition, one being ventral, the other two 
subdorsal. Tlieii* si'cretions enter tlie digestive tract through pores 
located at the junction of the esophagus and the intestine. (Fig. 3, 

\ [)air of conspicuous organs are jiresent in N ggolahnu^^ teres ^ N. 
dubius^ A . acutlca udatus, and .V. harfingil. These are located sub- 
dorsally and crowd the anterior end of the intestine. (Figs. 12, D; 
13, 1); and 15, 1).) Their function is pndilejnatical, but from the 
fact that ani])ullae extend forward from them and enter into large 
cells located in the lateral chords, it appears evident that they produce 
secretions. Their presence was noted by I)e Man in his original 
description of .V. hartingvi. The size of these organs varies con- 
siderably in individuals from the sajiie collection, in some being less 
than the liody width in length, in others four or five times as long 
as the body width. 

Dic.estivk tkaot. The intestine is alw ays distim^tly set off from 
the. esophagus and is made u|) of cells that require 6 to 10 for a cir- 
cumference. I'he cells usually are well filled with rather uniform 
line granules that often are light browTi m color, frequently giving 
the body a rich lirovvn appearance. The walls of the intestine are 
thin and allow' observation of the contents of the lumen. The pre- 
rectum is short , usually being one to three times as long as the rectum. 
The rectum is from one to one and one-half times as long as the anal 
body diameter and ends in a conspicuous det)ressed anus with dis- 
tinct lips. 

liEFiioDUCTXVE SYSTEMS. — ^Malcs arc known of only 7 of the 16 
species of Nygolaijuus. Tliat tlie females of at least some of the other 
species are syngonic may safely be predicted, since large collections 
made at various time's of the year have invariably failed to contain 
males. 

Two ovaries are present in all the known species. The gonads are 
of approximately the same length and together rarely occupy more 
than one-fourth of the body length. The ovaries are alw ays reflexed. 

There are tw’^o testes, oi* which tlie left is the longer and extends 
forward about half the length of the body and does not have the distal 
end reflexed. The right is the shorter of the tw^o and is reflexed a 
distance equal to throe or four times the width of the body. The 
testes contain several hundred spermatozoa of fairly large size. The 
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spicula arc thick, strong, and slightly arcuate. They rest on short, 
thick gubcrnacula that sometimes are difficult to see because of their 
peculiar refractive index. Bifurcate lateral guiding pieces usually 
are present and are joined to the gubernacula by bands of muscles. 
The musculature of the male tail is not so heavily developed as in 
some genera. The series of male supplementary organs is variable, 
only a single pair of anal papillae being present in Nygolaimus brachy- 
urus, while in N. teres and others there are as many as eight preanal 
supplements in addition to the pair of papillae just in front of the anus. 

TAXONOMY 

There follows a key to the species of Nygolaimus, together with 
descriptions of the (i forms previously known and 10 hitherto unde- 
scribed species. These fall into two distinct groups, for w^hich the 
subgeneric names Nygolaimus and Nygolaimium are here proposed. 
The various species arc shown in Figures 1 to 17. All figures of 
heads are shown at a magnification of 1,000, while the tails and other 
parts of the body arc shown at 500 unless otherwise stated. 


Key to the Genus Nycolaimus 


Pharynx without denticles: 

Typo N. pachyderrnatm Cobb (1), 1913 

Terminus blunt and rounded. 

Lif) region set off by a constriction. 
Tooth hollow loss than half its length. 
Cuticle of tail with distinct outer 

layer 

Cuticle of tail without distinct outer 

layer 

Tooth hollow^ almost to apex. 
liCngth rarely over 2 nun. 

Lip region only one-third as higli 

as wide. - 

Lip region one-half or more as 
high as w'ide 

Pharynx three times as deep 

as lip width 

Pharynx twice as deep as lip 

width 

Length well over 2 mm. 

Tail hemispherical 

Tail not hemispherical, more 

conoid 

Lip region continuous with head con- 
tour. 


SubKenera and spocios 
Nygolaimus 


EiKiire 

No. 


vulgar'is^ n. sp. 1 

hisexvalls, n. sp. 2 

pach ijderm at us Cobb ( f ) , 1913 5 

tenuis^ n. sp. 3 

ayuphigonicuSf n. sp. 4 

ohiusus, u. sp. 6 

hrachyurus De Man (4)> 1884 7 


Length under 2 mm teres, n. sp. 12 

Length over 2 mm. 

Pharynx about four times as deep 

as lit) width aqualicus, n. sp. 8, 9 

Phorynx less than three times as 
deep as lip width. 

Tail shorter than anal body 

diameter ferox, n. sp. 10 

Tail as long as anal body diam- 
eter shadini Filipjev (5), 1928 11 

Terminus acute or subacute. 

Tooth half as long as lip width acuiicaudatus, n. sp. 13 

Tooth about as long as lip width. 

Tail twice length of anal body diam- 
eter dubius, n. Bp, 14 

Tail three times anal body diameter., hartingii De Man (4), 1884 16 
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Key to the (Jenus Nygolaimujs — (U)H tinucci 


Pharynx with area bearing minute denticloK: 

Type N. denticiilatus Coiib 1922 

Length under 3 mm 

Length 4 mm. or more 


Subponera and species 

Nygolaimium 

mcnzeli Micol. {5), 1925. 

drniiculatus Cobb ('?), 1922 


FiRuro 

No. 

19 

17 


Tech XI o A L Deschittion of Species 

Nygolaimus vulgaris, n. sp. (Fig. l.j 
Diagnosis:* 


3.0 

1.2 


12.0 12 0 

8 0 29.0 52.0 98.1 

2.1 2.5 2.7 1.5 


l.L 1.8 mm. 



FujrRK Ir-Nyffolainuia luilgaris, n .sp V, Head, sliRhtly snbdprsal \iew; ninph, 
arnphid, oh, tooth, H, face vum showing arraiipement of head papillae, al.socro.s.s 
section of tooth and thud section of phar>n\, (’, vulvar region, J>, cardiac 
region, E, tail, pp/, caudal papillae 


(hitiele with a distinct outer layer wliicli is espt'cially conspicuous on the tail. 
Spear very slender, three-fourths as long as the head width and hollow only 
one-third its length. Ovaries reflexed four-fifths their length. Males unknow’ii 
frtun among several thousand spi'cimens collected in all months of the year. 

Genvml chamclvrs . — Body assuming the form of an open letter C, esjieoially 
when killed by gradual heat Trensverse striae indistinct. K.xternal amphids 
half as wide as the head. Second and third sections of pharynx obscure. Pos- 
terior portion of esophagus one-half as wide as the neck. Intestine one-half as 
wide as the body, its cells containing minute, colorless granules. Lateral chords 
one-seventh as wide as body. 

The most prevalent nygolaim of the Western States. Collected from culti- 
vated valley soils of Utah, Idaho, California, Colorado, and Oregon. See Table 
1 for de])th distribution. 


Nygolaimus bisexualis, n. sp. (Fig. 2.) 

Diagnosis: 

10.0 10.0 


1.9 

8.0 

27.0 

52.0 

98.2 

0.8 

1.8' 

2.0 

2.2" 

”1.3 

2.0 

9.6 

27.0 

M 

98.3 

0.8 

1.8 

1.9 

1.9 

1.4 


1.5-^2.0 mm. 


1.7 mm. 


Cuticle without a distinct outer layer as in N. vulgaris, Striae resolvable 
into rows of excessively minute dots. S])car very slender, as long as the width 
of the lips. Lateral chords one-fifth to one-third a.s wide as the body. Cardiac 
glands large and conspicuous. Ovaries reflexed only half their length. Males 
about equal in number to females. 


* The Diagnosis" includes the formula and the first paragraph following. The remaining paragraphs 
give general, not necessarily specific, Infonnation. 
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(reveral characters . — Intestine less than half as wide as the body, its colls 
filled with many dark grannies that freciuently give a slightly tessellated appear- 
ance. The last two i)ores of the lateral series usually are easily seen on the tail, 
but the remainder of iUc series are indistinct. Both sexes assume the form of 
an open letter C wdien killed b}” heat. 



Fuhtrf 2 -Nygolaimus btnnitalin, n. sp.- A, Hoad; U, rar- 
duu! leRion; C, female (ail, />/>/, caudal piipillfie, 1), male 
tail 

Spicula slightly arcuate with lateral guiding jiieees and resting upon small 
gubernacula. A pair of papillae lie side by side just in front of 1h(* anus. About 
one and one-half body widths in front of these there usually is a ventral sup- 
plement. 

Quite common in soils from canyons near Salt Lake City, Utah. 

Nygolaimus tenuis, n. sp. (Fig. :h) 

Diagnosis: 

10.0 10.0 

1.7 6.0 22.0 52.0 08.9 

0.6 ■■■■l.l 1-4 1.5 ■■ .0 

Spear only about half as long as the width of the lip region. Flutrvnx almost 
three times as deep as the width of th(‘ lijis. Lateral chords only one-tw(ifth to 
one-tenth as wide as the body. Posterior portion of body not arcuate. 

General charoetcrs.^- T\w body twusts more than in any other known nygolaim, 
frecpiciitly making half a turn or even more. Cardiac glands unusually large*. 



Fkuire H Nygolaimus tenuiit,n sp . Hoad, .slightly sub- 
ventral view, n, cardiac region; cross sect ion through car- 
diac region; erd gl, cardiac glands, ch, lateral chord; 1), tail 


Intestine narrow' and tapering at the anterior end except wiien gorged witli food 
Ovaries reflexed half their length. Rectum and prerectum each about as long 
as the tail. Males unknown among about 125 sjKSciinens. 

Usually found in small numbers rather deep in sandy loam valley soils of Utah. 
See Table 1 for depth distribution. 
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])j:irt of the head. Spear half as long as liead is wide, conical, slender, pointed, 
toothlike; without guiding ring. Posterior half of fhe esophagus enlarged to 
three-fourths the width of the neck. Tail convex-conoid. Fixed in Flemming's 
solution and examined in glycerin. From the roots of cherry trees, Tokyo, 
Japan. 

Nygolaimus obtusus, n. sj). (Fig. 0.) 

Diagnosis: 

11.0 11.0 

1.8 7.5 30.0 60.0 98.6 „ 

0.7 l.S 2.2 - 2.2 1T6 



Fku hk fi —Nygolaimus obtusus, n sp • 2\, Head, B, tail 


Body but little ctirved, even in the posterior third. First three sections of 
pharynx forming a large cavity about one-third as wide as the hetid and twice as 
long as wide. Ovaries refloxed one-third their length. Tail, long hemispherical. 

General characters. — Lateral chords one-lifth as wide as the body and conKj)ic- 
uous because of the large granules appearing in them. Cardiac glands unusually 
small. Intestine three-fourths as wddc as the body, its cells densel> packed wdth 
small grainiles. Anus depressed, rectum one and one-third times as long as the 
anal bo<ly diameter. Prerectum one and one-half times as long as the rectum. 
The elongate-hemispherical tail bears tw^o pairs of conspicuous papillae, the pos- 
terior pair often showing distinct connections with an internal glandlike i)od>. 
Amphids obscure, about one-third as wide as the Jiead, with inner extensions 
leading to small sensillas. Behind the amphid and about opiM)site tlie Vjase of the 
vestibule of the pharynx are located U\u })ores w'ith inner connections that a])- 
parently end in the tissues of the amphids. 

No males found in the single collection c)f 12 specimens from a sugar-beet held 
near Ogden, Utah. 

Nygolaimus brachyurus De Man. (Fig. 7.) 





9.0 9.0 



1.8 

6.0 

30.0 

57.0 

99.1 

2.8- 3.6 mm. 

0.7 

1.5 

1.6 

1.8 ~ 

l.l 

1.7 

6.8 

29.5 

' M 

98.9 

2.3 "2.9 mm. 

0.7 

1.6 

1.8 

1.8 

1.1 


Several females of this species collected in Utah were sent to De Man, at 
lerseke, Netherlands, to verify the determination. He made a careful comparison 
with the specimens that he had collected in the Netherlands and in Norway, and 
in a letter dated October 22, 1928, he says: 
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“Tiie h;peci(3M so(‘m{s to belong indeori to Dorylarmus brachyurus as described in 
niy monograph of 1884. ♦ ♦ * ]u ()etoi)er, 1913, just 15 years ago, 1 had 

the good luck of discovering the male, at that time still unknown, of this species, 
in dry soil of a meadow in the western part of the Dutch province of North 
Brabant. This male was 1.55 mm. long, width 1.8%, esophagus 25.0%,, tail 
1.25%',. Besides the usual anal papilla, still another papilla w^as observed in 
front of the anus, about twice as far distant from Iht* anus as the length of the 
tail. Perhaps instead of one jireanal papilla there are two submedian papillae 
placed al)reast close by one another. * * * In August, 1918, a female was 
captured by me in soil covered with moss and grass from a WTJod in western 
North Brabant. The lenglli w'as 3.72 mm., width 2.0%, esophagus 28%, tail 
0.9%, vulva at 56 %„ front ovary ll.3^V, rear ovary 11.6%% Another female 
4.1 mm. in lengtli was 1 75%, wide, esophagus 25%, and tail 0.9%% There were 
two eggs in each of th(‘se fefnal(‘s.’^ 

From this letter it is evident that the European and American specimens are 
practically identical in ev(‘ry res]>ect and the si)ecies is without doubt a cosmo- 
politan one 



7. Xyyolaimiis hradiyunts De Man A, TleuU, pHc, i)li(‘ati<)ns of plmiynx, B. 
faco ( \ (MOSS seciion of throiij?h sec’oiHl poiiioii; on, tooth. I), cross 

section through tluid i»orlioii, K, same Ihiough fourth jmrt, F, female tail, fl, male 
tail, /)/>/, plea mil p.ipillae 

Commenting on the toijth of this species, De Man says: ^bSjiear comparatively 
feeble; it presented another structure than in other siiecies and seemed to be jilaced 
in a chitinous case or tube.” 

Ten papillae in the outer circlet. (Fig. 7, B.) Lip region one-third to one-half 
as wide as the base of the neck. Tooth about as long as the width of the lip 
region. Lateral chords one-eighth to one-sixth as wide as the body. Ov^aries 
reflexed one-half their length. Rectum and prerectum each somewhat longer 
than the anal body diameter. The esophagus of immature specimens frequently 
occupies from 35 to 40 per cent of the body length. 

In the Western States the males are rart' — only about 1 to 50 females. The 
strong, slightly arcuate spicula rest on small gubernacula and ])osse8s lateral 
guiding pieces. (Fig. 7, 0.) A pair of preanal papillae lie just in front of the 
anus, and tw^o tail lengths in front of these is a rudimentary ventral supplement; 
occasionally a second is present one tail length in front of the first. 

Small numbers of this species arc generally distributed in desert, foothill, and 
mountain soil of Utah, Nevada, Idaho, and Oregon. 
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Nygolaimus aquaticus» ii* sp. (Figs. 8 and 
Diagnosis: 

14.0 14.0 


2.1 

6.0 

34 5 

51.0 

98.5 

0.8 

1.9 

25 

2.7 

1.5 

2.0 

6.4 

25.4 

M 

98.4 

0 9 

1.8 

' 2.4 

2.4' 

1.6 


9 .) 


2.5— 3.7 mm. 


2.9 mm. 


Pharynx four timos as deop as the width of the lip region. Tails of both sexes 
blunt and rounded, slightly longer than the anal body diameter. Female f)re- 
rectum two and one-half times as long as tiie rectum. 



FioirRE 8 - 'Nygolaiinus aqualkus, ii sp * A, Head, slightly subineclian vi€\\ wifh tooth in iilace in 
pharynx: H, same with tooth thrust partly forward and showing the manner in whicli the 
pharynx is everted; 0, pharynx completely everted, D, male tail, ppl, prcanal papillae 


Gkneral cnAUACTERS.— Ten i)apillac in the outer circlet. Amphids half as 
wide as the head. Body pores distinct. Enlarged portion of the esophagus 
usually irregular in width. Cells of the intestine filled with small, brown gran- 
ules. Rectum as long as the anal body diameter. Ovaries reflexed one-half 
their length. 

Male tail bearing five to eight irregularly spaced, ventral, preanal supplements 
in addition to the pair of anal papillae. The slightly arcuate spicula are unusually 
large, rest on a small, somewhat hemispherical gubernaculum, and have furcate, 
lateral guiding pieces. 

Collected from Utah Lake at an elevation of 4,750 feet, and from mountain 
lakes of Utah at elevations of 8,000 to 10,000 feet. Setae of oligochaetes of the 
family Naididae were found in several specimens. 
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Nygoiaimus ferox, n. s]>. (Fig. 1(K) 


Diagnosis; 

1 .8 5.0 

15.0 

12.0 12.0 
46.0 

99.5 

0.6 1 2 

1.6 

1.9 

^ sj 3.32 mm. 

1.5 4.7 

19.0 

M 

99.0 . „ 

0.5 1 5 

1.7 

1.7 

^ ^ 4.3 mm. 


Female tail Klightly longer than half the anal body diameter. F.sophagiis less 
than 20 per cent of body length. Tooth one-tliird or one-half as long as the 
width of the lip region. CJubcrnacula thin and Oat. 

General characters . — Ten pafiillae in the outer circlet. Amphids one-half as 
wide as the head, consr)iciious from a dorsoventral view. Pharynx three times 
as deep as the widtli (jf the lip region. Posterior portion of esophagus half as 
wide as the neck. Prcrcctum and rectum of female both slightly longer than the 
anal body diameter. 



Fiockk 10.— Nygolaimm ferox, n. sp : A, Head, dorso- 
ventral view; amph, aniphid: B, male tail, X 
set, seta of oliRocliaete; spermatoxoa, r, female 
tail, X 350 

Male tail as long as the anal body diameter. The usual pair of papillae lie 
near the anus, and three tail lengths in front of it are eight irregularly spaced 
ventral supplements. The thick cuticle between them is marked by creases that 
give it a wrinkled appearance. The tooth of the male is one-third longer than 
that of the females in the collection. 

Three females and one male from a stream bank, Msec Mountain, near Cor- 
vallis, Oreg. The intestines were gorged with the remains of oUgochaetes, 
including many setae and large pieces of cuticle. 



t=5('p<,. If., 1930 


459 


Predacious Nemas of Nygolaimus and Sectonema 


Nygolaimus 

shadini 

Filipjev. 

1928. 

(Fig 11.) 

l.fi 

5.4 

20.0 

53.0 

98.6 

O.fi 

1.7 

1.9 

2.0 

j j 3,0-3.71 mm. 

1.7 

fi.2 

21.0 

M 


0.7 

1.5 

l.S 

l.S 

^ 1 3.0 3.67 mm 


Head continuous witli body contour. Ten papillae in the tailor circlet. Tootli 
shorter than liji width. Powsterior portion of osophafrus almost tillinj^ the body 
cavity. Anal mu.'-clcs consjiicuous 

Spicula stron^<, broad, and arcuate, resting upon a little gubcrnaculurn. Tail 
with two submediau pajiillae. A pair of papillae lie jusi in front of the anus, 



Kj<ti UK II — \yqolannut> shadim Filipjev * \. M, lip n'Kioii with tool hi hni‘'l forvAaul, (', feriialo 

tail; O, mule t!ul, K, post oiioi portion of male ( \flei Kihp)e\ i 


and about two tail lengths in front of these begins a seru's of live to se^ en xtmtral 
supplements. 

Four malt‘s and two femah\s from mml, sand, and splnignum, collected on the 
coast at mouth of Klazma River, Oka, i^istrict BalilT, Russia (d). 


Nygolaimus teres, n. 

sp. 

(Fig. 12 

) 

Dtagjiosis' 



51.0 


2.5 

S.O 

23.0 

M 

98.0 

1.0 

1,8 

2.1 

2.5 

LS 




15.0 

15.0 

2.5 

S.O 

23.0 

50.0 

98.4 

0.8'“ 

1.0 

2.3 

2.6 

2.0 


Striae coarser than on any other nygolaim examined and usually can easily be 
resolved into dotlike markings. Totdh as long as the width of the lip region, 
hollow almost the entire length. Pharynx three times as dee]) as the width of the 
lil)s. Tail very blunt and rounded. Male with (i to 10 ventral, {ireanal supple- 
ments in addition to the anal j)ai)illae. 

General characters . — Lateral cliords one-fifth as wide as the l)ody. Ovaries 
reflexed one-half their length. Prerectum twice as long as the rectum. Lateral 
series of pores usually visible almost the entire length of the body. A i)air of 
dorsal glands crowding the anterior cud of the intestine usually is visible. These 
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Foii'KE V2—,\vgolutmus teres, u sp • V.Uoad, R. female taiJ, (’. male tail, aw/>, male supplements, 
1), caidiae lejjioii, org, orjiaiis of unkrumn fuuclum with then ampullae apparently eonneetniK 
with cells in the lateial choids 


vary f^rputly lu size in different specimens. Males and females about ecpial in 
numbers. 

Common in foothill ami immntain soil in the Wasatch and Uinta Mountain^, 
Utah 


Nygolaimus acuticaudatus, n. sp. 

fheuptoiiiii, 

11.0 


(Fig. i:h) 
14.0 


1.9 

0.4 

20.0 

4S.0 

97. S 

1.0 

2.0 “ 

'2.0 2.4 

00.0 

1.0 

1.9 

o.« 

20.7 

M 

97.0 

1.0 

1.0 

2:0 2.2 

2.0 


1.17 mm. 


1.47 mm. 



Lip region conlinuoiis with the body contour. Tooth less than half as long 
as the width of the lip region. Pharynx about twice as deep as the width of the 
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lips. Tail i)iit little loimor than the anal body diameter, ending in a sharp 
terminus. 

General characters . — Amphids obseiire slils half as wide as the head. Posterior 
half of esophagus enlarged. The glandular organs of the eardiac region vary 
greatly in size, in some s])eeimens being difficult to see, in others attaining a lengtji 
of two or three bodv widths (Fig. 13, D.) Ovaries reflexed one-half their 
length. Rectum about as long as the anal body diameter. Prerectum three 
times as long as the rectum. 

Male tail bearing a pair of papillae just in front of the anus, and beginning a 
little more than one body witllh in front of this pair is a senes of S to 10 ventral 
sup])lemc*nts. There are seven pairs of submedian pores The sliglitly arcuate 
spicula rest on slender gubernacula. 

A rare species from high mountain soils. This ma\ be the sjiecies described by 
Steiner (6‘) as Doriflaimns lugdunrnsis. 

Nygolaimus dubius, n. sp (Fig. 14 ) 

Diagnosis' 

12.0 12.0 

3.0 9.0 _24.0 40.0 

1.0 ' “2.1 ‘ 2.7' 2.9 " 1.0 



Kl'tl HI W .\if0olaunint duhms, ii sj) 

IUmkI, B. r*ai<liiu* lonion. par. paiuMtic 
sp<no70!ins III l)o4v <*a\UN, tail 

Lip region continuous with the bodv contour. Tooth as long .ana ])haryn\ 
three tmu's as dee[) as tin* width of the lips. Tail \entrally bent, subacute, and 
twice as long as the anal body diameter. 

Gencial c/iaradcr.s. - Posterior half of eso])hagus enlarged. C’ardiac glands and 
<»rgans crow'ding the intestine as in N. hartingii. ()\aries retlexed tw’o-t birds to 
four-fifths their length. Rectum as long as the jinal bod\ diameter; prerectum 
two or three times as long as the rectum. No males found among about 40 
sjiecimens. 

A comparativelv r.are sjiecies from the Wasatch and Uinta Mountains, Utah, at 
elevations of 1(),0()() to 12,000 feet. 

This species mav be identical with Dori/lmmns grariloides Steiner (fi). 

Nygolaimus hartingii I)e Man, ISS4. (Fig. 1.5.) 

10.0 10.0 

3.0 7.5 22.0 45.0 95.0 

0.9 2.2 2.4 2.6 1.3 

Specimens of this species collected in l^tah were sent to De Man, and in Ids 
letter of October 22, 1928, he states that they apparently are identical with his 
Dorijlairnus hartingii. The European specimens are slightly larger, 1.4 to 1.8 
mm., but tlie body proportions arc (piite sindlar. 

TIh^ conoid, subacute, ventrally bent tail is the most distinguishing feature 
of this species. Head continuous with the body contour. Tooth about as long 
and pharynx three times as deep as the lip wddth. Posterior half of the esoph- 
agus enlarged but irregular in size. The cardiac glands and organs crowding 
the intestines are conspicuous, and w^ere figured by Dc Man in his original 
description. Ovaries symmetrical, generally refle.xed about three-fourths their 
length. The position of the ovary in the body seems to vary. In one collection 
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of 22 specimeiiK there were 20 with the front ovary on the left side of the body, 
lo another group of 16 specimens from high mountain soil there were 11 with 



FKiiriiK 15- ■Nyffolaimiix hartingii Do Mhu* A, T lend, 
sliiililly subniedian Tl, lip region, doiso- 

ventirtl view, (’, tail, I), eardiHC rPi?ion (\fter I)e 
Man) 

the front ovary on the left side Prereetum two to thr(*e tiiiu's as long as the 
rectum Males unknown from about 80 siieeimcns. , 

Collected in a sugar-beet field adjacent to Utah Lak(', near lh*o\o, Utah, and 
at an elevation of 10,500 feet in Bells Canyon, near Draper, ntah. 

Nygolaimus menzeli Micoletzky, 1025. fPig. 16.) 



Fkujiik l(S.- 'Nvgolaimus menzeli Micoletzky.: A, Head, lateral view; B,hea(l, 
dorsoventral view’; C, tail. (.After Micoletzky (5) ) 


Cuticle reaching a thickness of 6 /a near the head, 4> 4}/i g at the middle, and 
13 -16 ju on the tail. Minute striations on the cuticle at the extremities. Lateral 
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chords onc-scvenih th(‘ body width. Innervated i>apillae on tlie tail and near 
tije head. Anterior end of luana very consideraidy narroweei. Ainphids beaker- 
shaped with many fi})riJs. Lips arni ])api]lae riidimentary. Pharynx over four 
times as de<‘]) as tlie widtli of the lip region Kso])hagus at first on<‘-fourth as 
wide as the body but later e\])anding to one-half to Iwo-thirfls as wide. 0\anes 
typical; vulva with strong spliineter and radial muscles; vagina reaching half- 
way across the body. 

From Surinam, Dutch (luiana, South America 
Nygolaimus denticulatus Cobb, 1022 (Fig. 17.) 

l.S 5.4 22.0 V 08.S , 

1.1 1.3 l.O" l.() 1.4 

Cuticle thick, transpanait, colorless, naked, measuring 5 g through inair tiie 
liead and 15 /jl on the lad. 'Fransverse striae v(‘rv fine, barely resolvable* into 
rows of (*\cessi\ely faint dots K\f(‘iiding from neair the head to the tail, th(‘re 
IS a. double* s(‘rit\s of about 150 sul>lat(‘ral jiores not forming exact line.* but ar- 
rangeal slightlv irregularis. From (aich ]>ore a narrow tube*, 0 75 m in eliame*ter, 




FrnuKK I7r Nygolaimua dcntmilatus Cobh • A, Head, doi‘>o- 
venitral view, amph, ainpliid, lm.se of pbuiynv, cof aui ph^ 

cavity of anterior pliai > n\, rei/' md ph, emv it > of median phai n\, 
cap pew/ pA, caviti of po.stenor pharynx, dnt, dmilicles, lb, lips, 
muT ph, jilmr.vnx wall, ov, esuphaviis, ow pA, tooth on pluir>Ti\ 
wall,7>p/, labial papillae, .siiAcwh sub cuticle, H, fa<*e view, amph, 
aniphid, lob dsl subrn, dor.sal subinodiaii lobe of hp tegion, lob vnt 
Htibm, ventral .siibnieiliun lobe of lip leiiiion; ppl ant, pafiillae of 
anterior circlet, ppl post, i)apillae of posterioi ciiclet. (After 
(\)bb (»)) 


extends to the lateral chord, where it rather sudelenly e\i)ands and connects 
with a broadly saccate unicellular gland located in the tissue of tlie chord. The 
somewliat hexagonal lip region is distinctly set off by a constriction, and espe- 
cially laterally, on account of the large and conspicuous amphids. The very 



404 Journal of Agricultural Research voi . 4 j , no.o 


small left veutrally subinodiam tcudhlike oiichiiim is only 6 /x long and IJ-i m wide 
at the base. The second ])ortion of the pharynx is lined throughout the greater 
l)ortion of its length with a multitude of excessively fine denticles, apparently 
similar to those found in the i)harynx of some mononchs, and, as there, slightly 
larger and more regular anteriorly. The entire pharynx is nearly 60 ju long. 
Prereetuni about five times as long as the corresponding width of the body. 
Kectum about as long as the anal body diameter. Nothing is known concerning 
th(‘ sexual organs. 

Found in soil by ,1. R, Christie at Falls Church, V'a., August 29, 1922. Only 
one young speeinien s(‘en. Examined and measured alive in water, and after- 
wards fixed in Flemming’s vsolution and examined in gl\cerin. 

SECTONEMA 

TE(’HN1(^AL T)p:sriUPTI()N 


Sectonema, n. g. 

Diagnosis. Characters of Dorylaimus, with these dilTerenc(‘s; Tooth locat<*tl 
in a ventral niche of the pharynx, groov(‘(l dorsally, and used with a slashing 
movement. Vestibuh^ elorigate. Guiding ring for tooth absent. 

Type — Scctonema vctitrnhsj u. sp. 


Sectonema ventralis, n. sp. (Fig. IS.) 

J)tagn<tsis. Characters of the genus and others as f(>llows: 


1.0 3.2 

0.3 .9 


14.0 14 0 

16.0 52.0 99.3 

1.5 1.7 1.0 


6.0 10 mm. 


The thick cuticle is marked bs fine crisscross lines similar to thos(‘ found on 
certain Mermithidae {?). (Fig. 18, II.) The neck tapers 1o the narrow lip region, 
which is only one-fifth as wide as the base of the neck. The blunt roundtHl tail 
is almost hemis])herical in form. The two series of lateral pores are a distinct 
feature, esjiecially on the tail, where the\ ar(‘ easily seen. The first por(‘ is 
located just back of the amphid, and there is but a single line until near flu* 
base of the neck, where thPre is a divergence into two lines, which continue to 
the terminus of tlie body. Near the head are dorsal and ventral jionxs. The six 
distinct lijis are set off by a deep constriction. There are 6 jiapillae in the inner 
and 10 in the outer circlet. From a face view’ the vestibule and mouth oiiening 
are both found to be elongate. (Fig. 18, C, D.) The tooth is one-third to one- 
half as long as the width of the lip region and is set ventrally in the jiharviix, 
reminding one somewhat of the tooth of Nygolaimus. it is grooved dorsally, 
and at its base tli(‘ sides of the groove dive/^e to join the walls of the pharynx. 

In cross section the jiharynx is tricjiKdrous. (Fig. 18, E.) It is composed of 
llirei' sections arranged tandem. The first, thin walled and about as long as the 
tooth, forms tin* e\ersible portion. The second jiortion is about as long as 
the first, tliickly cuticularized and forming a strong base for the attachment 
of th(‘ tof)th. Dorsally this s(*cond portion does not atipear to be differentiated 
from the third. The third jiart is three times as long as the second and narrow’s 
t.o join the lining of the eso])hagus. 

When the luuna attacks its prey the t(»oth is thrust out and the body of the 
victim is cut by a dorsal to ventral slash of the tooth. This slashing movement 
of the tooth ajipurently is accomplished by the use of the onchial muscle. (Fig. 
18, A, 7nsc on.) 

The posterior three-fourths of th(‘ esophagus is enlarged by a gradual expan- 
sion. At the point wdiefe this expansion takes place there are three conspicuous 
pores in the lining of the (^sojihagus, one dorsal, the other two subventral. The 
intestine is tw^o-thirds as wide as the body, thick walled, and aixmt 12 cells in 
circumference. It is almost always gorgeci with the remains of enchytraends, 
which apiiarently form the priiicifial food of this voracious species. Rectum as 
long as the anal body diameter, prerectum three to five times as long as the 
rectum. 

Ovaries symmetrical and reflcxed two-thirds their length, the front being on 
the left, the rear on the right side of the body. Eggs about as long as the vulva 
body diameter; as many as eight may occur in the liody at one time. 
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This is one of tho largest fret‘-living nomas foiimi in tiu‘ Wostorn States. It 
closely resembles Doriflmmus m/ias De Man in all respi'cts except tlios(' of the 
tooth and })harvn\. Fnapiently it is found associated ^\itll I), rcgius, which, like 
it, also feeds on oliKochaet(‘s f/'). >Jo males hav<' been obs(‘rved among several 
liundred specimens. From cultivated fields of Utah, Idaho, Colorado, and 
California. 



FuiriiK IH.—Scclojiejtta reniialiK, n k, ii sp \, Ilrml, lateral \ lew . amph, umiihid, m,vc oh, muselc 
of tooth, OH tooth, ph, pfiai.MJ\. M. hp region, iIofm) ventral view. (', fae** Mew, nmph, ariiphid, 
J), eross section thnaitth pharv ri\ near base of tooth, amph, aiiijihid, oh, tooth, rs^thl, \ e^tihaie. F, 
(TOSS Sfctjon of phar> n\ jit base of tooth, ph, jiharynKeal wall, K, tail, (i, vulvar repion, II, 
erisscross rnarlvinK‘> of eiitiele showing one of the lateral pores inaftnilied about 2,f>00 tunes 
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A PRELIMINARY REPORT OF THE RELATION BETWEEN 
YIELD OF WINTER WHEAT AND MOISTURE IN THE 
SOIL AT SEEDING TIME * 

By A. L. Hallsted, Aft.^ociate Agroiiamisl, in charge of Cooperative ] nvestjgaiioaa 
of the Office of Dry Land Agriculture, United States Department of Agriculture, 
at the Fort flays Substation of the Kansas Agricultural Experiment Station, and 
E. II. Coles, Superintendent, (^olhy Substation, Kansas Agricultural Experiment 
Station - 

INTRODUCTION 

One of the ])roblojiis that pr(‘sont.s itself to the Kansas wheat farmer 
nearly every fall is wlndJicM* conditions are such as to wan*ant seeding 
a lar^e or a small acnMige. ScMisons in whicji the yields are not siiffi- 
cient to return a ])rotit, n'pirdless of [)rice or seed-bed ])reparation, 
are not uncommon. Obviously a reliable method of predicting fields 
would be of inestijuable value, since acreage could be materially 
reduced in those years when prospects are ])oor and imuvased in others. 
As a matter of fact, farmers do habitually determine the acreage to 
b(‘ plantiHl somewhat according;!: to the prospeids for a j)rotitable yield 
bas(‘d on th(‘ best availabl(‘ infonnalion. Thus in very dry falls or 
with ground in [)oor condition for other reasons a small acuTa^e is 
likely to be seeded, whereas the opposite is true wduui moisture is 
ph'ntiful and conditions are favorable for ij^ermination. However, 
the information on whicJi such (‘han^es in acreage are made is very 
mi'a^er, indefinite, and often erroneous. For example, a ^ood rain 
about seedin^ti: time may produce ideal to])soil conditions and thus 
encourage a large acreage without materially increasing th(^ chan(‘es 
for a j)i‘olitable yield if the subsoil is dry. 

Th(‘ studies on which this j)ai)er is based w'(‘re undertaken to sup])ly 
more accurate and dei)endable information regarding the relation 
Ix'tween certain factors and the yield of tln^ crop. It is a mattej' of 
common knowledge that moisture exerts a dominating influence on 
yields in west(‘rn Kansas, and lienee a study of factors influencing 
yields can not ignore this relationshi]). Moreover it would appear 
that moisture in the soil at seeding time especially merits attention 
(1) because of its ])ossible relation to yield, and (2) because it can be 
determined accurately and without great exiauise. 

That there is a relation b(‘tween the moisture in the soil at seeding 
time and the yield of the following crop has been shown by (^all and 
Hallsted.’^ The utilization of soil moisture by spring wheat and th(' 
])ossible. value of soil moisture as a factor in forecasting yields have 
been discussed by (^ole and Matluwvs.^ Tlie storage of water in soil 
and its utilization by spring wlieat have been studied by Mat hews, 
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and recoil tly Alsborg unci (iriilin}; “ have enipliasizod the need of further 
work of this nature. 

The data reported here were seeiired as a jiart of the investigations 
eondueted by the Otiiee of Dry Land Agriculture, United States 
Department 'of Agriculture, and the Kansas Agncultural Experi- 
ment Station cooperating at the Fort Hays branch station, Hays, 
Kans. The Fort Hays branch station is located at Hays,^ Ellis 
(\iunty, in west-central Kansas not far from the center of the Kansas 
hard red wintm-wheat belt. The average precipitation recorded by 
the I'nited States Weather Bureau for a 61 -year period, 1868 to 
1!»28, inclusive, is 22.8 inches. The average recorded by a rain gage 
on tlu' project for the period during which these data w;ere. collected, 
nauH'ly, 1!)()9 to 1928, inclusive, is 21.4 inches. Of this amount an 
average, of 16.7 inches, or 78 per cent, fell during the growing season, 
Aiiril 1 to Sopteinbor 30, iiicliisivo. The averatro ovai)oration from 
a free water surf are during the growing season for the years 1909 to 
1928, inclusive, is 46.7 inches. 

The soil is a dark p*ayish-browii silty clay loam. The surface soil 
is 12 to 15 inches deep. It is a heavy soil as hhown by its water 
relations, but its stronj>j ilocculation and granulation make tin* sur- 
face o])en and I'riafile <L\c<^pt when packed after heavy rains. It blows 
easily when the surface' is smoothed by packing rains or by cultiva- 
tion and after wintcu* weathering. 

The moist ure-caj*rying capacity to a depth of 0 f(‘et. is about 22.0 
per cent of the dry we'ight of the soil. The moisture-(‘arrying ca])ac- 
ity of the surface soil is slightly higher than that of the subsoil. The 
wilting coellicieiit is about 1(5.5 per cent. The minimum point of 
exhaustion for wheat as shown by observations is about 12.4 per cent. 

The investigations at the Fort Hays branch station w'^ere begun in 
1906 and had as their objective the study of tillage methods, rota- 
tions, and methods of conserving moisture for various crops grown 
in Wi'ste.rn Kansas. Soil-moisture studies in relation to wheat pro- 
duction have from the first taken a prominent part in these investi- 
gations, and they have been increased from time to time. The till- 
age and rotation project as a whole includes 461 tenth-acre plots, of 
which 383 I’elate to wheat jiroduction either dire(*4ly or indirectly. 
More than 150 of the latter have been sampled for moisture at one 
time or another; about 50 individual plots comprising 483 plot years 
un^ included in the study presented here. 

EXPERIMENTAL PROCEDURE 

Soil samples for moisture detenninations were taken at four loca- 
tions on each plot, a tube cutting a core 20 mm. in diameter being 
used. The cores were extracted in 1-foot sections and placed in air- 
tight metal containers. ‘ They were weighed in grams and milligrams 
and dried in an oven at a temperature ranging between 100® and 
110® C. The moisture was calculated separately on each foot as a 
percentage of the dry weight of the soil. 

Soil-moisture determinations have been made at various times dur- 
ing the i)eriod of seed-bed preparation and during the development of 
the crop, at all depths to and including (5 feet. Occasional deter- 


» Ai.«k8Rg, C, Ia, and Orifkind, K. I\ fdrkcamtinh wheat yields from the weather. Food 
Hosearcb Imt., W'hcat Studic.s v. 5, no. 1, 44 p. Itf28. 
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minations have been made io a depth of 10 feet. Casual studies of 
the data revealed a closer relation betwe('n yield and moisture in the 
soil at seeding time than between yield and moisture at atiy oth(*r 
time of the year. For this nuison and because the pur])ose here is 
to derive infoi*mation of use at or preceding the sowing of the crop, 
attention in this paper is confined to the moisture in the soil at or 
near seeding time, September 15 to October 1. 

The method of study adopted was to mak(‘ scaltei* diagi’ams show- 
ing the relation betw(‘.en moisture in the soil and yi(dd and to calcu- 
late the coefficient of correlation between thes(‘ two variables. For 
these purposes the percentage of moisture in the soil in the first, 
second, and third foot sections taken together and also in the foui’th, 
fifth, and sixth foot sections taken together were comdated with 
yield. In some cases the correlation between yield and the moistur(‘. 



rif.i KK 1 -li«*luUon belweiui pcrcoiittiKC of moisture m the surface 3 feet of soil at see»luiK tune 
arid Ujo yield of winter wheat following!: vuritcr wlieat 

content of the full depth of (> feet was calculated, but in all cases the 
figures so obtained were less useful for the ])resent purpose than the 
others, and further consideration of these data is reserved for future 
study. The moisture determinations are reported to huiths of a per 
cent and the yields to tenths of a bushel. In calculating the corre- 
lation coefficients the decimals in both cases were disregarded, five- 
tenths and above being carried to the next whole number and decimals 
less than five-tenths being dropped. 

Correlations were first calculated for single plots or for small groups 
of plots having identical or nearly identical treatment, and these 
were then grouped together where further study indicated that such 
grouping was justified. This might have been carried even further 
by combining some of these larger groups, but the data are not suffi- 
cient to indicate clearly in just what cases this might be done, and 
hence this possibility is reserved for future study. 
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EXPERIMENTAL DATA 

Table 1 shows the previous crop and the treatiuent, the period of 
yc'ars (‘overed, number of plot years, mean yield, mean moisture con- 
tent of the lirst and the second 3-foot layers of soil, standard deviations 
of moisture and of yields, and the correlation between the moisture 
and the yield in ea(‘h of the two soil layers. Table 2 gives the same 
information for larger grou])s, the basic data being the same in every 
case except for wheat following corn, in which case Table 2 contains 
some data that are not given in Ta})le 1. Figures 1 to 6 are scatter 
diagrams showing the relations between the percentage of moisture 
in the surface 3 feet of soil at seeding time and the yields of wdieat 
grown in the different cropping systems. Regression lines are shown 
in ail cas('s exce])t Figures 3 and 4, in wdiich (‘ases regression probably 
is not linear. 

Table 1 . — Moibturc content at seeding hmcj yield of wheat, standard denations, and 
coeffietents of eon etation between soit-^moistare (ontent and yield of wheat grown in 
several rioiifang systems at the Fort Hays branch station, Hays, Kans. 
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“ The cropping sy. stems indicated in the third column areas follows. (Iroup 1. Plots A, B, E, and Fare 
continuously cropped to w heat, plot A is late fall plowed, B is early fall plowed, E Is early lull plowed 
and .siihsoiled; and F is early fall listed Plots 401, 403, and 404 are 4-> ear rotatioius including various croiis. 
In the.se plots wdieat follows wdieat. (Iroup 2: Nos. 403 and 404 are 4->ear rotatioius in which wheat fol- 
lows barley. Uroup 3: Nos. .53 and .54 are 4-year rotations m which wheat follows corn. Group 4. Nos 
340 and 350 are 2- year rotations in whicli wheat follows kafir. Group 5. Nos. 51 and 55 are 4-yoar rotations 
in which wheat follows rye turned under for green manure and 50 and 02 are 4-year rotations in which 
wheat follows (Janada field peas turned under for green manure. Group 6: Plots C’C C-I> and M F H to S 
inclusive, are plots alternately cropped and fallowed. Nos. 57, 401, and 402 are 4-year rotations in which 
wheat follows fallow^. Nos. 601 to 610, inclusive, and 551 to 5C0, inclusive, are 3-year rotations in w'hich 
wheat follow.s fallow. 

* 8 plot years. 0 plot years. 13 plot years. • 16 plot years, / See Group 6, footnote o. 
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PER CENT MOISTURE IN THE SOIL AT SEEDING TIME 


FK.ritK ‘2 Kt'lalion hclwt'on pcnonlatro of iiioisturo lo Iho surfaco 3 foot of soil al sotalm^ tiiiu' 
and of wuitoi uhoat foHoNMji^^ fallov\ 



PER CENT MOISTURE IN THE SOIL AT SEEPING TIME 

Fiouhh. 3.— Kelatioii between percentage of moisture in the surface 3 feet of soil at seeding tune 
and the yield of winter wheat following corn 
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For all groups in Table 2, the eorrelatioris between niois lure con- 
tent of the first or surfa(‘<^ 3 feet of soil and yield of wheat are significant 
in relation to the probable errors, showing an unmistakable relation 
between the two. There is likewise a sipiificant correlation between 
yield and moisture in the second 3 feet lor wheat after wheat, wheat 
after corn, and for wheat after fallow. In other cases the correlation 
is practically zero. In every instance but one the correlation with 
the moisture in the first 3 h^et of soil is significantly higher than with 
the moisture in the second 3 feet. In this one exception, which was 
after fallow, the correlation for each section is relatively low. 



run \ih -Heliitioii lu*lwepn porcentufie of moi'^tiiro in the surfare 3 feet of soil at seedinu tune 
ainl the yield of winter wheat follow'inti harlev 


Table 2.--Th(' rrlniion hchrccn, moist urv contrni in fhr sotl ot seeding time and 
yield of irhetif groirn in ennons cropping systems at the Fort Hays hronch station 
fltesiilts arraiiKed in larger groups) 
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2 I 
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. Ih7± . 194 
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* 91 plot years. 

49 plot years. 

f 18 plot years. 

d 

40 plot years 

• 252 plot years. 




474 Journal of Agricultural Research voi. 4i, no. o 


A coinploto and critical study of the relation of soil moisture to 
yield should take into consideration the supply of moisture in the 
lower depths. Thus, it is con{‘eival)le that a correlation of 0.402 as 
was secured for the yield and moisture in the second 3-foot layer on 
wheat after wheat may ho useful when considered in connection with 
the correlation in the upper 3 feet. The same applies to wheat on 
fallow and to wheat on corn ground. Souk’s consideration has becui 
^iven to th(‘se possibilities, but a prcdiminary study by means of 
multiple and partial correlations indicated that so far as the purpose 
of the pres(‘nt paper is concerned, no ^reat improvements would b(' 
s(‘cured l>y the use of these data. The present re[)ort, therefore, is 
based on the first 3 f(H't of soil and the matter of the lowtT depths is 
i('sei‘ved for future study. For th(‘ practical ])ur])ose of predictinj>; 
yi(4ds, it is fortunate that, the correlation between yield and moisture 
in th(‘ first 3 h'ct is relatively high, sinc(' tlu' determinations foj* ordy 
3 feed are much (aisier and morc^ convenic'Ut to make. 

The highc'st correlations were secured where wheat was grown after 
wlieat or barley, the coefficients being 0.807 A 0.021 and 0.850 + 0.045, 
res])(‘ctivety. The difhu-ence between them is less than the probable 
error of differeTK*(‘. Because of this fact and because of the small 
numbers involved in the latter case, no distinction between th(» two 
is made at this time. 

Tlu'correlatioTis for wheat after corn and after kalir are 0.015 i 0.057 
and 0.437 L 0.110, res])ectively. These lower values are in line 
with expectations in indicating that factors other tlian total moisture 
in the upper 3 feet of soil play an important paj*t in determining the 
yield. A dry surfa(‘e soil at seeding time may result in poor germina- 
tion and a thin stand. A thiii stand is usually ac(*ompanied by weed 
growth in the spring and lat(‘. maturity, whicli subjects tlu' crop to a 
longer period of danger of damage from hot winds, I’ust, and insects. 
(\)rn and kafir stubble lands are also more subject to soil blowing, 
wdiicli sometimes reduces yields. The well-knowm deleterious effect 
of sorghums on succeeding crops may also be a factor in reducing the 
yield of wheat after kafir. It should be noted, how’^ever, as previously 
mentioned and as illustrated in Figures 3 and 4, regression is ])robably 
not strictly liiuuir in tlu'se cases, and hence tlie r(‘lation between 
moisture and yield may be closer than the calculated values of r 
suggest. In fact , it appears more than likely that the relation betw^een 
soil moisture and yield wdien the moisture contcuit of the soil is less than 
about 20 per cent is different than when it is 20 per cent or more. 
However, the available data are hardly sufficient for a critical discus- 
sion of these relationships. 

The correlations wdiere wheat is grown after green manure (0.524 ± 
0.074) and after summer fallow (0.458 i 0.034) are nearly the same, the 
difference^ being less than the probable error of difference. Wheat 
growui on land prepared by either of these methods sometimes suffers 
from the same causes, and the explanation for the relatively low" 
correlation is probably the same for each. During the period here 
considered, tJiere have been years when the rainfall was not enough or 
was too i)oorly distributed to finish properly the heavy growth pro- 
duced on fallowed or green-manured plots. When such conditions 
prevail until after the stored moisture becomes exhausted, what 
promised to be a heavy yield may suddenly become an almost com- 
plete failure. Such conditions obtained in 1911 , 1013, 1917, and 1927. 
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Oil the oilier hand, in seasons oi‘ lii^h rainfall, siieh wheat makes a 
heavy growth and is more suhjeet to injury from lod^in^. Under 
these conditions it often yields even less than cropped land. This 
was the case in 1915 and 1919. 

A cojTelation of 0.8 or more, as was secured for wlieat after wheat 
and wheat aft(T barley, should be of valin^ in predicting yields on the 
basis of moisture in the soil at seinling time, (kmsideration of the 
graphs (figs. 1 to (i) also will ])ermit (‘crlain useful predictions regard- 
ing yield even when the correlation is considerably less than 0,8. 
For ])urposes of pn'diction the regression eiiiiation is useful, and 
consequently it has be('n calculated for each set of data and is shown 
in the figures. In two cases (to be noted later) the regr(^ssion is not 
strictly linear. The same is perhaps true in other cases, although, in 
g(‘n(‘ral, the relation is so nearly linear as to introduce no material 
(M*ror in considering it so. Th(‘ numbers involved in gcuieral are too 
small to justify cahudation of the correlation ratio. 

Figure 1 shows a total of 92 comparisons of the I'elation bi'tween the 
W'at(‘r content at se(*ding time of land that has borne a (‘ro]) of wheat 
and the yield of th(‘ following crop of w'h(‘at. In 85 of these the water 
content of tlu' surface 8 feet averaged 20 per cent or more', which by 
the regression formula would indicate a probable yield of 20 bushels 
or more per acre. The yiedd wuis less than the indicated minimum in 
only 7 of the 85 cases. In only 1 of these 7 cases could the yield be 
characterized as very poor. 

In 49 of the 92 comparisons the soil at seeding time contained 18.5 
p(‘r cent of w’at(‘r or mon*, w hich would indicate a yield of 15 busluds 
or more. In only 9 of these 49 cases was the yield less than 15 
bushels. In only 0 cases was the yield h'ss than 10 bushels ])(*r acre. 

8 . (Uilculdfvd (tud avlual tvheat niclds when three different tnethndu trert ni>ed 
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“ No moisture determinations near seeding time were made of 1919 crop 
** Crop of 1923 was destroyed by Jiail. 
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On the other hand, there are 26 cases where the moisture in the soil 
was 16.7 per cent or less, indicating a yield not exceeding 10 bushels. 
In only 6 cases was a yield of as much as 1 0 bushels obtained, and in 
only 1 of the 6 was the yield as much as 20 bushels per acre. In 18 
of the 26 (‘ases the yield was less than 5 bushels per acre. 

It may b('. of interest to pursue this comparison somewhat further, 
and for this pur])ose Table 3 has been prepared. This table gives the 
moisture at seeding time in soils prepared by three different methods, 
the yield that would have been })re(licted by the regression equation, 
and the actual yield. 

The correlation for moisture and yield on fallow was found to be 
only 0.458, hence any predictions of yield are certain to be less accu- 
rate than for wheat after wheat. Neverthtdess, it apj)ears that the 
relation is sufficiently close to be of value. Figure 2 shows that there 
were 22() cases out of a total of 253 in which there was 20 per rent of 
moistun' in the soil at seeding time. According to the regression 
equation, a yield of 15 bushels or more should have been obtained. 
Actually this (quantity (or more) was obtained in 165 cases, or in all 
l)ut t)0. Of these 6() cases, only 3 may be considered as complete 
failures (2 to 3 bushels per acre). Less than 15 bushels per acTe 
would have been predicted in 27 cases. In only 1 of these cases was 
a yield of 15 bushels or more produced. 

The moisture content of the soil at seeding time, the yields that 
would have been predicted from the regression (Hj nation, and tlu^ 
actual yields for three different plots of wheat grown on fallow are 
given in Table 4. 


Table 4. — CalruUtled and actual yields of wheat on falloir 
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" iVo rnoitsturc detf rniinations won* miulo near enough to seeding time to be of value. 
^ The irop v\as (ie>troyo(l iiy hail. 


Although the correlations are not hi^h, 0.615 and 0.437, 20 per 
cent moisture in the upi)er 3 feet of soil on corn or kafir land has 
nearly always produced a crop, only 2 failures out of a total of 14 
<5ases having been recorded. However, it is more difficult to store 
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as much as 20 iier cent of moisture in tln^ soil after these crops than 
after small-^rain crops because coni and kafir mature several weeks 
later than the small grains and therefort' afford a much shorter time 
in w hich to acuumiulate moisture before seeding time for wheat. Thus, 
of the 55 (‘as('s in which wlieat has been grown after (‘orn, ihovo were 
only 14, or slightly more than 25 j)er cent, in which the moistun' con- 
tent of the ujiper 11 feet of soil was 20 per (uuit or mon*. Of the 22 
cases of wheat aft(‘r kafir (fig. 4), only 2 had 20 jxu' (xuit or mor(‘. 

With less than 20 jier c(uit in the upjier 3 feet of soil, the average 
yields are low and uiu'ei tain. Thus, for this group the average yield 
aft(‘r c-orn is 10. buslu'ls and on kafir ground 12 bushels. 

DISCUSSION AND CONCLUSIONS 

With refenuice to the pi’actical side of the problem, it has alr(‘ady 
been pointed out that a moist.un* content of 20 per cent or more in 
th(‘, u])p(‘r 3 feet of soil at seedling time at Hays has practically pre- 
cluded a cro]) failujv as a result of drought, although failure may 
result from hail, flood, or other conditions. This fact should be of 
(‘onsid(‘rabl<‘ i)racti(*al value*, Jiot only in discouraging a large acreage 
when the suj)ply of moisture* is materially less than 20 per cent, but 
also by way of eunphasizing the* neexl for those practice's which will 
ce)nse*rve the inost inoisture* in the* soil. In the peuioel covered by 
the^se stu(lie*s it has bee*n possible by mc'ans of fallow to conserve as 
juiic’h as 20 per c'cnt of juoisture in the uppe*r 3 fe‘e‘l of soil in nearly 
90 pe*r ce*nt of the* case's, for wheat after small grains in about 40 per 
c(*nt of the e‘ase*s, for wheat afte*r corn in about 25 per ce*nt of the 
euises, and for wheat, after kafir in only about 10 ])er cent of the 
cases. 

With a soil-moisture e*ontent of jiiuch le*ss than 20 pe*r cent in the 
surfac’e 3 fe*et at. sc'C'ding time the* e*hanees of s(*curing a large crop 
are* mue4i less and the chance's for harvesting a small crop or having 
a, failure* are jiieasural)ly increased. With about 15 per cent moisture 
in the soil, the cuo}) is j)ractically dependent on rainfall subseepient 
to seeding. 

While within (‘.ertain limits it appears that the data presented here 
may be of c'oiisiderable* value for forecasting yields, they are prin- 
e'ipally usefiil in pre*dicting failures, or more accuratc'ly, as a means 
of determining w hen chances for a crop arc reasonably good and w hen 
thf*y are largely ele*pendent on factors othei' than stored moisture. 
The smaller the quantity of stored moisture at seeding time, the more 
dependent is the crop on the weather during the growing season and 
the greater are the enhances of a failure. 




COLOR OF POTATO CHIPS AS INFLUENCED BY STOR- 
AGE TEMPERATURES OF THE TUBERS AND OTHER 
FACTORS ‘ 

By Maui ox Dkyoe Swektmax 

Assffciafc in Uornv Econonncs Research y Maine Agricultural Experiment Station 

INTRODUCTION 

In the fall of 102S an inquiry was received at the Maine Agricul- 
tural Experiment Station from a manufacturer of potato chif)s in 
regard to the cause of dark color ^ in ()otato chips. He stated that 
frequently in the v/int(‘r he had difficulty with northern-grown 
potatoes, because j)o(ato chips made from them were dark colored. 
A later surv(\v showed that this has lieen the ex])erience of other 
chip producers to tlu' extent that some discriminate definitely 
against northern-gi’own ])otatoes. Phirthermore, wholesale receivers 
and jobbers on the Boston market have rej)orted that they have 
oc(‘asional complaints from proprietors of hotels and restaurants 
about the color of French-fried potatoes made from certain lots of 
these tubers 

Vosbury made a study of some ])hases of ])otato-chi]) making 
and concluded that the troubles of manufacturers are generally due 
to the use of varieties not adaj)ted to chip making, to improper 
washing of the sliced potatoes, or to the use of oil at too low tem- 
jx'raturcs for frying. She did not numtion any outstanding differ- 
ences in color Woodruff and Blunt ( 10 ) state that they found that 
browning of chips varied in different fats, but their data do not 
give any clues as to the rcaisons for the darkening that commercial 
producers find associabal with certain lots fried umhu* their usually 
standardized conditions. 

It was known that northern-grown potatoes would frecjuently be 
h(*ld in cool storage and that this increased their sugar content (/, 4 )- 
Since many foods brown during cooking as a result of the carameli- 
zatioji of the sugar which they contain, it w^as suspected that it w^as 
the accumulatecl sugar in the potatoes which (*aused chips made 
from them to be excessively dark. 

PLAN OF EXPERIMENT 

In some preliminary experiments, tubers stored in a refrigerator 
at 35° to 40° F. fried darker than those from the same lot held at 
room temj)erature. (^onsecjiiently, a series of experiments was 
planned for the season of 1929 to ascertain the effect of cold storage 
on color of chif)s from various lots of potatoes. Since Appleman 
( 1 ) and Hopkins ( 4 ) had also reported that sugar which had ac<*u- 
mulated in the cohl disappeared when the tubers were held at tem- 
])eratures above 40° F., some of each lot w^ere to be returned to warm 
storage for varying periods before frying. 

* Iteceued foi publk-ation May 23, ltt30; issued October, 1930 

^ The word “daik” is used in this papoi to refer to varying shades of i>rown which are darker values of 
the light brown or golden brown tints associated with desirable color in potato chips 
^ Heference is made by number (italic) to Literature Cited, p 490 
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SEI.ECTK^N OP POTATOES 

The potatoes used were ^rown on the experimental farms of the 
Maine A^^ricultural Experiment vStation, that is, Aroostook farm at 
Presque Isle in the northeastern part of the State, and Hi^hmoor 
farm at Monmouth in the south-central part. 

The lots of tuliers were divided into two series, series A, consisting 
of tubers from plots in which there were no recognized signs of dis- 
ease or in which diseased plants were rogued out early in the season, 
and series B, consisting of potatoes from plants with known disease 
and from rows grown next to such diseased stock so that there was 
strong likelihood of infection. 

Series A included: (1) (Ireen Mountain potatoes from both farms 
and Bliss Triumph and Irish Cobbler tubers from Aroostook Farm; 
(2) a set of Green Mountain potatoes dug at different dates during 
the growing season to provide material for study of the effects of 
differences in maturity at digging; (II) a collection of Green Moun- 
tain hills bagged separately at digging; and (4) potatoes from two 
tuber-line strains of Green Mountain. The last three collections 
were grown at Ilighmoor farm. 

Series B included Green Mountain tubers produced at both farms 
by ])lants showing, or hy healthy plants near those showing, the 
following diseases: Spindle tuber, leaf roll, rugose mosaic, mild 
mosaic, and giant hill. Symptoms of these diseases as they appear 
in Maine have b(*en described by S(‘hultz (6') and f)y Schultz and 
Folsom (7). 

All Green Mountain tubers were from j)l()ts super\is(»d and rogued 
by Donald Folsom, plant pathologist at the Maine Agricultural 
Experiment Station. 

CONDITIONS OF STOIlAdE 

With the exception of those potatoes in series A dug at earlier dates 
to show the effects of iminaturity, all were harvested late in vSi'p- 
tember or early in October and shipped immediately to Orono. Here 
they were stoi-ed in a vegetable cellar where thermograph records 
showed that the temptuature seldom went l)eIow 40° F., and then 
for only a few hours at a time. The upper limit of the range was 
around 55° F. 

On October 18 eight sanqdes of each of the above kind of potatoes 
were selected and pla(‘ed separately in paper bags. These were 
regrouped to form eight lots which w^ere handled as indicated later. 
The cold storage was commercial and was said to vary from 82 to 
87° F. Warm storage w as in rooms wdiich varied from 60 to 70° F. 

The experimental lots were held under the conditions outlined 
below : 

Lot 1 . — Fried immediately as control. 

Lot £. — Fried after two weeks in cold storage. 

Lot .^.-—Control, held in cellar and fried two weeks after lot 1. 

Lot 4 . — Fried after four weeks in cold storage. 

Lot 5. — Fried after four weeks of cold storage followed by one week of warm 
storage. 

Lot 6*. — Fried after four weeks of cold storage followed by two weeks of warm 
storage. 

Lot 7. — Control, held in cellar and fried seven weeks after lot 1. 

Lot 8 . — In cold storage four weeks. Then each sample of 10 tubers was 
divided, and one-half was fried after warm storage for four w^eeks and the re- 
mainder after warm storage for eight weeks. 
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EXPERIMENTAL METHODS 

FRYING TECHNIC 

It was of courso necessary to standardize the frying teclinic to 
eliminate variations due to differences in temperature and in time of 
cooking. Unless otherwise stated, 10 tuliers were taken as a sample. 
These were weighed and then Jiieasiired with a sliding caliper so that 
it might })e j)ossil)Ie to coj*relate any differences with size and shape of 
the tuber. 

Each tuber was divided fransversely, approximately in the middle. 
One-half was thinly jiared to about 1 centimeter back from the cut 
surface and two slices one-sixteenth of an inch (O.K) centimeters) in 
thickness were cut from the median surface with a vegetable slicer 
for frying. Tests showed that these re])resenled the tuber ade- 
(piately. All of the chips from one sample (10 potatoes) were washed 
in running w’ater for the few minutes before the next sample was 
ready. Then they stood in pans of cold water until cooked. This 
period was usually about an hour.* The slices were blotted dry with 
])a])er towels before being placed in the hot oil. 

^^)r the frying, a uniform amount (1,000 gm.) of a high-grade cot- 
tonseed oil was heated in a heavy, straight-sided aluminum pan at 
constant rate of heating on an electric iiot ])late. The ])an was of 
such size that the oil was 0 centimeters deej). Ten chips, one from 
each potato in the sample, were dropped into the oil wdien the ther- 
mometer indicated a temperature of 400° F. Ttiey cooled the oil, 
sometimes to a tejn])erature as low as 350*^ in the case of ilie larger 
chi|)s, but th(‘ continuous luaiting brought the tem])erature quickly 
up to about 870°, and for most of the cooking period the range was 
from 877) to 400°. Tests showed that frying temperatures below' 350° 
were reciuircd to alter the color of the chif)s produced. 

At first a stop w atch w as used to time the frying period, but it w^as 
found that the tim<' recpiired to ])roduce (‘hips which wc're ])roperly 
cooked depended too much uj)on the (‘ooling action of the slices 
(which varied with their size) for exact comparisons. However, it 
was easy to tix as a definite end point the instant when the chips be- 
came o|)a(pie and bubbling ceased almost ctunpleOdy. This cessa- 
tion of bubbling is associated with the almost complete lemoval of 
the water conti'nt of the slices. The chips wcce kept submerged in 
oil by the use of a wire whip. AVhen done, tln^y were removed by 
means of the same utensil and allowed to drain on paper tow^els 
until records of color w ere taken. 

When one sample of 10 chips was cooked it was imnu'diately fol- 
lowed by the set of duplicates. The similarity of the members of 
each pair representing one tuber proved that the whole (‘ooking proc- 
ess was sufficiently controlh'd to give uniform and comparable 
results. 

COLOR SCALE 

When the first controls, lot I, w^ere fried, five chips were selected to 
cover the range of colors represented. These w^ere numbered in 
order beginning with the lightest. When lot 2, which had been held 
in cold storage two weeks/was fried the color range w as extended in 
the direction of darkness, and tw^o more chips were added to the scale. 


* Tests showed that this variation in time of soaking did not alter the frying color. 
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Finally an eighth very dark chip was added when lot 4, which had 
been in cold storag:e four weeks, was sampled. 

Jl should be emphasized that the purpose was merely to get some 
standard for comparing color differences. Because of the method of 
selection of these chips, it was impossible to be certain that they 
represented uniformly spaced degrees of change. 

1\) standardize this scale the method of color measurejuent de- 
scribed by Nickerson {5) was employed. This gave color (pialities 
according to the Munsell notation.'* 

Tau^e J. Color qualities of standard potato chips according to Munsell notation « 


(Mill) .\o, ! Hue 

1 

Ibilhance 1 

Chroma 

Chip No ! 

__ _ I 

Hue 

RiilliHiicc 

('hroni.r 

1 .. ---- 1 2"> (M) 

7 91 , 

.-,sj 

... 1 

17 sr. 

r. r.ij 

:> s.i 

2_ _ , 2’J , 

7 59 , 

fl 70 1 

0 . 

to 10 

4 4:i 

1 0-1 

:i . 21 21) 1 

7 or. i 

7 OH i 

7 - ! 

jr. 92 

4 

7‘) 

I . . i m ()7 

Oil! 

0 90 1 

K . 1 

ir> 00 

42 

2 OK 


"TIuP' Hodnoss, vpllowriess,«l(‘ . or the qualit.\ that (lifTei on 1 uUes ti color from Krav of tlio hniric hriiliaiu e 
anllijincc Liuhtriess or darkness of a color. 

('hi'oma Cfrayness of a color 

In this notation all hues are cornia-ehended in a senes of 100 units reiaesenlin}; suhduisions of the JO 
IMiinaiy and secondary hues 'I hus standard red ma> ho designated as r>, standard yclhrw red ns 1'^. 
standard yellow as 2.', etc , and all iiossihle hues may he representerl by some uholc nunrher or decimal 
hetween O and 100 

The brilliance scale begins at 0. absolute black, and runs through middle grav to absolute white at 10, 
The not at urn for chiotna begins at neutral gray, 0, and progresses h.v eriual steps to the sironge''t pos.'.jble 
saturation which varies w'lth bnlharico and hue 
^ brilliance 

C omplete notation IS written: Hue 

' chroma 

In these readings the followang standard Munsell disks weje use<l \'cllow h/o, vellow-ied tl/H, neutral 0/» 
and neutral 1/ 

The same color scale was used throughout the experiments. Kach 
chij) fried was (*om])ared with it and given the number that which it 
most nearly resemblc'd. Wlien the ratings for the 10 sets of dujili- 
cates were averaged, the residt was used to represent the sam])Ie 
in the data that follow. 

EXPERIMENTAL DATA 

IIELATION BBJTWEEN EXPERIMENTAL STORAGE CONDITIONS, CHIP COLOR, AND 

OTHER FACTORS 

Variety and Chip Color 

Six-ounce tubers from the IMiss Triumph, Irish Cobbler, and (ireen 
Mountain varieties grown on the two farms were compared in color 
of chips jiroduced when they were held under the various storage 
conditions. The results are given in 1’'able 2 as the average rating 
when com})ar(Hl with the color scale already described. 

» A “luher line,” a‘« the term is used here, is a seed stock, perjietuated from year to year, that is known 
to have originated fr'oni a single tmier. 
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Table 2 — of potato chips made from tubers of different varieties held under 
different storage conditions 


\’ai let y 


(liepn Mountain (II)".. 
(rreen Mountain ( V) . 

Bliss Tiiuiiipli (A) 

lush (V)l)f)l(M (A) 



Lot 2, 

‘ 

! 

Lot 4, 1 

Lot 1, 

sfoieil 

Lot 3. 

.stoied 

contiol 

cold 2 

1 coiitiol 

cold 4 1 


w ceks 


w’eeks I 

i 

i 1 r, 

i .5 (1 

I 9 

! 

f) ♦> 1 

4 1 

: fi 7 

4 5 

8 0 ; 

3 r> 

() 8 

1 4 

8 0 . 

2«i 


2 9 

:«] 


Lot 5, 
slorofl 
cold 4 
weeks 
and 
warm 1 
u eek 


5 4 
ti 3 
7 0 
f, 2 


! Lot S, first stored 

Lot fi, I I cold 4 weeks, 

slorotl then — 

cold 4 r rtf - ■ 

weeks rt’l ^ i 

and I ^ * lOne-halfj One-half 

w^arin 2 , stoied | stored 

weeks ! I waim 4 i warm s 

■ weeks i weeks 


4 <» 

1.9 j 

3 4 

(5 

4 0 1 

4 1 

fi 8 

4.9 ' 

f) 9 

<) 0 

.1 9 1 

4 H 


] ti 
3 4 
5 0 
3.0 


“ (IT) signifies that the potatoes weie giown at llighmooi faiin, (A) that the> were giown at \roo.stook 
fa nil 

f' Foi meaning of numerals see discussion of coloi scale (p 482). The laigor the niimhei, the darker the 
col 01 


CMiips iiiado froJTi potiitoas from Aroostook farm w(u*b conspirii- 
onsJy darker than tliose^ from the tubers p*own at Ilijrhjuoor farm. 
Possible reasons for this will be diseussed later. Jn all eases cold 
stora<?e increased the darkness of the chips, while succeeding? w'arm 
storaj?e, if siilhciently prolonged, resulted in wdiat was essentially" a 
n'tnrn to tlu^ orii^inal condition. Bliss Triiuuph tubers showed retar- 
dation in this reversion. The controls were very nearly constant 
throughout th(‘ (L\])(U-iment. 

The ])robabl(‘. errors of the means giveri in the tables were not 
computed because the numbering? of the chips in the scale wuis a purely 
arbiti'ary juethod of character) zini? dilferences not known to be uni- 
forju. In most cases yariation within the samjdes wuis so limited 
that onl.y tw^o or thn'e scale yalues were re])r('sented. The trends 
indicated hy^ the Jiu^ans are unmistakable because their ditrerences are 
so lar^e. 

Size of Tcbeh and (^Jhip Color 

Kour-ounce and (S-ounce tubers of tlie (ireen Mountain variety 
<?rown on both farms were selected for comjiarison wdth the (i-ounce 
siz(‘s fried in the variety tests. These results are ^iyen in Table 3. 


Table .3' (^olor of potato chips made from tubers {Green Mountain) of different 
sizes held under different storage conditions 




1 

i 


1 ! 

1 

1 

Lot s, first storo<i 




1 

! 

I Lot "s 1 

Lot f», 


cold 4 weeks, 



Lot 2. 
.stored 
cold 2 
weeks 

1 

' Lot 4, 

, .stored 

1 cold 4 
weeks 

! storcil 1 

sloierl 


then- 

Sr/e (ounces) 

Lot I, 
control 

1 Lot 3. 

1 control 

j cold 4 cold 4 
weeks i weeks 
j and { Mild 
warm 1 w arm 2 

Lot 7, 
control 

One-half One-hall 
stored stored 






week 1 

1 

weeks 


warm 4 ! w arm 8 
weeks ; weeks 

4(\) ... . . 

M l 

7 0 

i 

4 1 

i 

7 9 

! 

fi 8 ' 

5 7 


4. 8 1 3 2 

9(A) 

4. 1 

9.7 

1.6 

8.0 

U 3 ! 

5 fi 

4.0 

4 4 i 3.4 

8 (\) 

3 9 

9 0 i 

4 2 

7 8 

fi.3 1 

I) fi 

4 3 

.... 1 30 

KIT) . 

J.s 

4.9 

2 2 

9 4 

5 l ! 

4 9 

2 0 

4 2 j 2 2 

9 ( IT) . . 

1 f. 

5 0 

1.9 

fi.fi ! 

5 4 1 

4 0 

1 9 

3 4' 1 fi 

8(11) 

1 

1.3 

5. 1 

] 5 

fi 3 j 

.«j 

5 4 

l.fi 

4.8 : 1.4 


" For moauiiig of numerals see discussion of color ‘?cb1o (i». 482). Tho larger the miinber, the darker the 
color. 
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There are no si^ifieant dilieroneea between the tubers of these 
sizes in color of chip after different conditions of storage. 

Time of Digging and Chip Color 

A series of Green Mountain potatoes grown at Highmoor farm was 
prejiared to test the effects of varying maturity by digging at intervals 
during the season. The digging dates were August 6, 17, and 28 and 
vSeptember lb and 2(). The results are shown in Table 4. 


Table *1. — Color of 'potato chips made from, tubers {Green Mountain) dug at different 
dates arid held under different storage conditions 






' 





lA)t S, first stored 







I.OI 

stored 

Lot Is 

St ored 


cold I w'eoks, 




T^ot 2, 

M 01 ed 
cold 2 
\v eeks 


Lot 1, 
.St ored 
cold 4 
weeks 


then- 


Dipmni!: dale 

Lol 1. 
conliol 

i.oi ;•>. 
contiol 

cold 4 
weeks 
and 
warm 1 

cold 4 
weeks 
and 

warm 2 

Lot 7, 
control 

One-half 

stored 

One-half 

stored 







week 

weeks 


warm 4 

warm H 










weeks 

v\ eeks 

Aim. 

(i 

« 2 

1 

1 1) 0 

a 7 i 

7 2 

0 3 

1 " ' 

, (1 4 

a 0 

i; 0 

1 4 


17 . . . 

.*{ 1 

! a 

a a i 

7.0 

0 .5 

r». » 

1 a 2 

H 0 

4 2 

A up 

2S ! 

2 ”> 

I 5 

2, r. ' 

0 4 

r*. V) 

f) 

! 3 1 

4 V> 

a 2 

Sept 

Sept 

Pi ..... .. 1 

1 H 1 

1 s 

1 11 1 

1 7 0 

0 :i 1 

4 1 

1 I 

\ s 

a 2 

■ ■ i 

1 n 

,') 0 

] ‘1 ! 

> r» 0 

1 r. t ! 

1 11 

1 ‘ 

a t 

] (» 


“ For moiiniri*; ot nuint^rals s(»o (lisoiisvumof rolor .scalo(l) iS2) The the miuil)ei, the darker llio 

color 


If potatoes are dug in an immature state they produce darker 
chips than do the more mature, even when they are held under similar 
storage conditions for a few weeks before frying. There is some evi- 
dence from these data that immature potatoes which have been in 
cold storage respond less slowly to warmth in returning to the original 
condition after a preliminary period of cold storage. CHiips from 
immature potatoes are uneven in color, as are those which have been 
in cold, followed by warm storage. 

Genetic Similarity and Chip Color 

Two tuber-line ^ stocks were studied to see whether the tubers from 
them would exhibit uniformity in their response to changes in en- 
vironment. The data for the individual tubers are shown in Table 5. 


^ See footnote T). 
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Table 5. — Storage effects on the color of potato chips ynade from tubers of two different 

genetic lines 

LINK i 


I 


I 


Lot 1, 
control I 




A veragc- 


Lot 2, ; 
stored ; 
cold 2 
weeks 


l.ot H, 
control 


A 

.i 

2 

A 

2 

3 

2 

2 4 


Lot 4, 
stored 
cold 4 
weeks ' 


LINE 10 


A \ el age 


! 



Lot 8, first stored 

j Lots, 

' stored 

T.ot 


cold 4 w eoks 

stored 


then- 

J col<l 4 

cold 4 

Lot 7, 
control 


weeks 

1 and 

WM‘eks 

anrl 

One half! One half 

warm 1 

warm 2 


stored ' slore<l 

week 

weeks 


warm 4 ! w'arm K 
weeks 1 weeks 

(5 

« 

1 


7 

f! 

1 

(i , 2 

1 0 

r. 

3 

r. 2 

i ^ 

fi 

2 

(; ' .3 

1 fl 

5 

o 

f) ! 2 

7 

0 

2 

' 

1 () 

() 

? ! 


! 7 

0 


1 0 1 

0 

2 

, 

: 0 4 

> . ! 

5 S 

1 8 

5 4 1 2. 4 

fi 

j 7 

1 

i 3 

1 « 

i 0 

2 

3 

0 

' 5 

2 

3 

1 0 

1 0 

1 

. 1 3 

^ 7 

•'» 

1 

. ... 1 3 

"! ‘ “o2 

f) H 

J 4 

3 




1 


<• Koi n iMiiiuitJ of hmiieiMls see discussam «»f col(»r scule (p 1 h 2) The lartter the number, the darker the 
color 

Though tho tubers of each line were genetically alike in so far as 
th(‘V were descended within three years from the same parent tuber, 
they did not respond in an identical manner to the conditions of 
storage. 

Hill Selection and Chip Colok 

Some hills were dug as units and kept separate to compare the 
(*olor of the chips made from tubers in such groups under the differ- 
ent storage (‘onditions. The results are shown in Table (>. 
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Table 6. — Storage effects on color of chips made from tubers grown in a single hill 

[Each lot is from one hill) 



LOT 1, (H)NTKOL 



l| 

1 lot 5. STOKED 

WARM 

1 WEEK AFTER 




(H>L1) STORAGE FOR 4 WEEKS 


Tuber No 

Weight ; Length 

Width 

'Depth 

(^olor 

Tuber No 

Wiaght 

Length 

Width 

Depth 

Color 


1 Grams 

Cm. 

Cm 

i Cm 



Gram% 

Cm 

Cm 

( Va. 


1 

1 51 

4 8 

4 7 

1 3 6 

1 3. 9 

a 1 

1 

63 

4 5 

5. 5 

4.8 


2 . 

' 5f{ 

4 9 

5 2 

1 

2 . - 

204 

9 6 

6 8 

5. 1 

6 


81 

5 0 

5 8 

1 4 8 

1 

1 3 . - . . 
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9.5 

7 3 

5 3 

6 

4 . . . . 

139 

7 0 

7. 7 , 4 9 

i 

14.. 
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9 0 

7 7 

6.0 

7 

A 
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7 5 

6 6 

1 5 0 

1 

j 5 
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8 1 

5 7 

6 

6 

J73 

7 8 

7 I 

; 5 2 
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1 Average. 

. 

. . 
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Aveiage... 




1 
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LOT 2, STOKED COim 2 WEEKS 

! LOT 6, STORED WARM 2 WEEKS AFTER 
COLD STORAGE FOR 4 WEEKS 

L. 

1 

23 

3.6 

3 7 

i 3.1 

7 

i 1 

129 

6 8 

6 8 

4 5 

6 

2 

41 

4 6 

4 4 

1 3.4 

7 

l_2 

198 

6. 0 

7 5 

7 5 

6 

3 _ - . 

> 80 

5 0 

6 J 

! 4 3 

5 

'3 

298 

10 5 

8.1 1 6.3 

6 

4 

81 

4 4 

7 8 

6. 0 

i 4 4 

7 








/) . . 

IfiO 


4.8 

6 

i Aveiage.. 





fl 

6 
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7.4 

7. 4 1 5 2 

<* 






Avfiiutrc _ 





6 3 







1 
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LOT 3, CONTKOL 




LOT 7, CONTROL 



1 

24 

3 7 

4 0 

27 


1 

11 

2 2 

3 0 

3 2 


3 

2 

5« 

^J8 

5 2 

5 1 

3 6 

2 

2. 

17 

2 7 

2 7 

3 

3 

5 8 

5 4 

3 9 

4 

3 

87 

5 9 

5 5 

4 2 

3 

4. - . 

78 

5 2 

.'i.O 

4 2 

2 

4 

110 

6 4 

6.5 

4.7 

1 

T) 

123 

7 2 

6 2 

5 0 

3 

• Ti 

118 

6 5 

6 3 

4 8 

1 

6 

212 

8 9 

7 4 

5.4 

2 

i 6 

120 

6. 6 

6. 6 

4 6 

2 

' 

209 

8 7 

7.5 

' 5.5 

3 


149 

7.2 

7. 1 

4 9 

1 

A verage... 





2.9 

1 Aveinge - 





0 











LOT 

4, STORED COLD 4 

WEEKS j 

LOT 8, STORED WARM 4 WEEKS VFTER 
COLD STORAGE FOR 4 WEEKS 

1 

32 

4 5 ' 

3.8 

3 3 

8 

J... 1 

34 

3.9 ' 

4 3 

3.3 ' 

.1 

2 

81 


5 (i 

4.5 

7 

2 

39 

4 7 

4 1 
5.5 

32 1 
3 8 


;l 

145 

7.0 

6.8 

5 0 

7 

3 

62 

1.8 

3 

4 . , 

147 

6 6 , 

6.9 

5.1 

7 

4 - 

50 

4 8 

5.4 

3.4 1 

5 



; 



- .. .. — 

5... 1 

80 

7 9 

6. 4 

4 1 

5 

Average. . 

- 





7 2 

6... . - . 

90 

6 1 

5.7 

4 6 

3 







7 

120 

7.2 

6 4 

4 3 

4 











1 




Aveiage... 




1 

3 9 











1 


« For nnianing of numerals soo divscussion of color scale (p. 482). The larger the number, the darker the 
color. 


There is considerable variation in response to effects of storage on 
color ol chips made from tubers produced in a single hill, in some cases 
more than in others. However, averages show the same trend indi- 
cated by the averages of the 10-tuber samples used in the other lots. 

Records for the individual tubers were taken where the data are 
summarized as in Tables 2, 3, and 4, but, as these in Table 6 indicate, 
there is no correlation between size and shape and the color of the chips. 
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Diskase and Chit C^odoh 

The forej^oiiig data were secured on potatoes raised in plots in which 
there was no recognizable disease, or in which all diseased plants were 
rogued out early in the season, as explained in the discussion of selec- 
tion of the potatoes. A less complete'- set of ex])eriinents was carried 
out on samples from hills where there was known disease and from 
healthy rcjws growing adjacent to such diseased plants. These data 
are given in Table 7. 


Table 7. — Effect storage nutlcr different conditions on coloi of chips 
diseased potato stock, or health tj slock grown near diseased 


made from 


(liowth condilniii's ii'' to disoaso 


SpindU* (A)‘* 

Spindlo tuhof ( U)** _ _ 

Healthy next spindle inher (A). 
Healthy next .siiindle tuhei (Hi _ 
7A‘af loll ( \ ) . 

Leaf I oil (H) . ^ 

Healthy next leaf roll ( \) 

Healthy next leaf toll ( H ) 

Huiiose mosaic ( A) 

JiiiHose mosaic (11) 

Healthy next luiiose mosaic (A) 
Healthj next rnnoso mosaic (H) 
Mild mosaic ( \) 

M lid mosaic (11). 

Health> next mild mosaic ( \ ) . 
Healthy next mild mosaic (11) . 
(Hunt hill (H) . ..... 

Healthy next (hunt hill (11). 
HealtlixMA) 


('oiitiol 

Stored 
cold 2 

Storetl 
w ai m 2 
week.s after 


week.'' 

cold .storage 

2 leeks 

1 

r. 7 

2 

1 4 

3 3 

2 2 

3 5 

f. 9 

3 4 

2 2 

3 3 

3 4 

3 1 

r. '0 

3 K 

2 K 

4 1 

2 2 

4 (I 

7 0 

4 0 

2 3 

4 9 

2 9 

4 0 

T) 

.') 0 

2 3 

2 1 1 

2 () 

1 3 

() 3 

3 7) 

1 s 

0 

3 1 

3 3 

1 0 

3 .) 

1 2 

3 4 

2 K 

1 7 

(> 4 

3 4 

1 1) ■ 

.{ 4 

2 4 

2 (. 


4 3 

2 2 

T) 4 

2 U 

4 0 

1 

(> 4 

3 9 


" ( A) =-j)o1atoes giown at Viooslook latni, (H) = potatoes grown at HighmiKa faim. 

Foi meaning of numeials see iliscussion of colot scale (p 4K2). The largei the nnmher, the datker the 
color 


In a few cases disease ap])arently affected the rate of change of 
frying color. Both samples of rugose-mosaic tubers failed to exhibit 
much change in th(‘ jieriod allowed. One samjde from healthy stock 
planted near stock having this disease showed this effect. These 
results should be tested further before they are considered especially 
significant. 

CORRELATION OF CHIP COLOR WITH SUGAR CONTENT OF TUBERS 

Five tuber lots of Green Mountain, from which sample chips cor- 
responded to each color in the scale, were analyzed for their sugar 
content. The results are given in Table 8. 


Table 8." Sugar content of Green Mountain tubers producing chips of standard 

colors 


2. 

3. 

4. 


Chip No 


'Potal 
sugar in 
tubers 
(wet 
weight) 

Cliip No « 

'Potal 
sugar m 
tubers 
(wet 
weight) 

Per cent 

0 19 

r 

.T, . 

Per cent 

0 no 

.27 

6 . - ... 

2 87 

.30 

1 7 . - 

3. 14 

.48 

8 ... 

3. 20 


« See (liHcussion of eoloi scale for significance of numeials (p, 482). The larger the number, the darker 
the color. 

> Sugar analyses made by E. R. Tobey, research chemist, Maine Agricultural Experiment Station. 
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Tho hi< 2 :her the siij 2 :ar eontentof the potatoes, the browner were the 
chips made from them. Thus low sugar content appears to be 
associated with lightness of color, whereas potatoes containing a high 
sugar content produce dark chips. 

The comparatively large increase in sugar content of tubers cor- 
responding in chip color to No. 0 as compared wnth No. 5 is not 
vsurprising when one recalls that chip No. 6 was selected from those 
made from tubers that, had been in cold storage, while the first five 
chips wer(' made from tubers as they came in from the field. 

The correlation of browning during cooking at high temperatures 
with the sugar content of potatoes is similar to tho condition found in 
baking bread . The amount of residual sugar escaping yeast fermenta- 
tion depends upon the diastatic activity of the flour. Mours possessing 
high diastatic activity have high residual sugar and consequently 
make breads which brown easily during baking 

TRADE PREFERENCES IN CHIP COLOR 

In order to ascertain trade preferences in color of potato chips, 
nine sets of chips similar to those used in the color scale for rating the 
experimental products were prepared and sent out to a corresponding 
number of manufacturers. The eight re]>orts that were returned are 
summarized in Table 9. 

Table 9.* - Trade prvjereuces for potato chips according to color 


(’dloTs - 


Manufaeturei 

No. 

I Most de- 
1 suable'* 

Miii'kct- 
j able 

I'miiaikel- 

uble 

1. 

1 1 

1.2, 3 

4, 5, fi, 7. 8 

2 

! 1,2,3 

1.2. 3, 4 

t), 7, 8 

3 , _ 

! 1. ‘i 

1. 2. 3 

4, \ ft, 7, 8 

4 

2,3 

1,2. 3. 4 

\ (i, 7, 8 


i| 

Mamjfuctuior 
!, No 

ii 

■i 



Colors rnted 


j Most do- 1 Moiket- I'niiiiiikot- 
I siiftblO'i I able able 

I 

i 1.2 I l,2,:k4 

1 H 4, 7, S 

I 2 1.2.3 4,,M>,7,8 

2. 3 I 2, 3, 4 H, 7, 8 


» See discussjoo of c*oloi scale for sijsnibcanct^ of numerals (p. 482). The huger I he niimbei, the daikei 
I he color. 


Potato-chip manufacturers agreed that th(‘ trade prefers a light 
chip, so light that in a northern climate potatoes may be undesirable 
for this j)ur])ose even at digging time. (Ck^mpare these data with 
those in Table 2.) 

From TalJe 8 it also seems that in the potatoes sampled, a sugar 
content of one-half of 1 i)er cent or over is associated with a chip 
that is unmarketable on account of its color. 


DISCUSSION 

It is well known that potatoes freeze at about 29^ F. ( / /), and that 
the forniation of ice crystals causes definite injury to cooking quality, 
but it is not so widely appreciated tliat storage at temperatures well 
above this will cause internal chemical changes which affect culinary 
value. In his study of the carbohydrate transformations in potatoes 
Appleman (/) found that sugar accumulates at the expense of starch 
when the temperature falls to 38®, and that the rate of accumulation 
is most rapid iSetween 32® and 29®. In four to six weeks a maximum 
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of 3 to 4 per cent sii^ar is reached. Hopkins (4) found that at 40® 
the sugar content was fairly constant. 

Stuart et al. (8) reported that the temperature of a potato-storage 
house on Aroostook farm varied between 34® and 45® F. during a 
winter, and so it is evident tliat storage houses in northern regions 
give conditions in which sugar accumulation takes place. F'urther- 
more, sindi storage temperatures are considered desirable to jwolong 
dormancy and to delay sprouting. 

Applemen (J) also foinid that potatoes which have accumulated 
sugar at low temi)erHtures will lose four-fifths of this by re(‘onversion to 
starch and the remaining one-fiflh through respiration in a room at 
70° to 75® F.in a week’s time,. At lower temperatures, 45® to 50®, a 
much longer exposure is necessary. This phenomenon probably 
ex])Iains the lighter color secured wheii tubers from lots from which 
dark chips had been niad(' were held at room temi)eratures. In 
this study the constancy of the controls indicab^s that the loss of 
sugar at the temperatures of the storage' cellar (40® to 55®) was much 
smaller than the conclusions of Ap])leman (/) and Hopkins (4) 
would lead one to ex])ect. 

Apj)l('man and Millei* (£) in analyses of ])otatoes dug at different 
stages of develojmient found that the percentage (wet weight) of 
reducing sugar ])lus sucrose was 0,991 in those dug on June 17, 
whereas those dug on August 27 contained only 0.255 ])er cent of 
these sugars. ''Phese were Irish (k)bbler ])<)tatoes grown in Mary- 
land, and the vines w ere brown and dry on the latter digging date. 

The writer’s experimeiils on making chips from potatoes dug at 
various times showed that the chips from those dug at the earlier 
dates were darker. (Table 4.) Again, this is a ditferenee associated 
with relative sugar content. Differences in those dug eai'lier would 
j)rol)ably have been more outstanding but for the period of holding 
before flying, as A|)pleman and Miller also say that the percentage 
of sucrose in their lots evened up by decrease during storage. 

The factor of imniat urity prol)ably contributes to the difficulty in 
securing satisfactory chips from northern-grown potatoes even 
immediately after digging and before winter storage has produced its 
eif(*cts. Frequently these potatoes are dug while the vines arc yet 
green. The difference in maturity may explain the difference in color 
of the chips made from Green Mountain jiotatoes produced at High- 
moor farm and those grown on Aroostook farm. (Tables 2 and 3.) 
The dilTerence in soil temperature may also be a factor. 

Since the carmelization of sugar is more rapid and complete at high 
temperatures than at low, the practicability of advocating lower 
frying temperatures was considered. Woodruff and Blunt (10) found 
that the overbrowning produced when potatoes were fried at 190® to 
210® C. (374®”410® F.) diminished wdien they wwe fried at 170® to 190® 
(338®-“374°). In the range of temperatures used, fat absorption did 
not vary with temperature. 

In two tests on Green Mountain potatoes that had been in cold 
storage the author found that there was less browning when chips 
were fried at temperatures below 320® F. Fat abs()ri)tion did not 
increase with lower temperatures until the temperature of the fat 
w^as below 250®. However, the sweetish flavor of the larger amount 
of sugar was evident and was objectionable. 
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SUMMARY 

By employing the standard Miinsell color disks it was found pos- 
sible to incasure the color of potato chips as a scale for comparison. 

When potatoes of three varieties were held in commercial cold stor- 
age two weeks or more all produced chips very much darker than those 
made from tid)ers of the same lot cooked at the beginning of the 
experiment or held in storage at 40*^ to 55° F. If the potatoes which 
had been in cold storage were held at room temperature, the frying 
color became lighter. This change in color is <*orrelated with change 
in sugar content under these different conditions of storage. 

Potatoes dug at an early date so that they were somewhat immature 
gave chips darker than those from mature tubers. Size of tuber was 
not significantly related to chip color in the more mature lots. 

Individual tubers from the same tuber line or fi'om the same hill 
did not respond in an identical manner to those differeri(‘(^s in storage 
tenipei'atures. Averages were similar to those in other lots re(‘eiving 
comparable treatment. 

Tubers from plants showing signs of the diseases s])indle tuber, leaf 
roll, rugose mosaic, mild mosaic, and giant hill responded to (‘old 
storage like the healthy stocks already discussed ex(*ept those having 
rugose mosaic. Th('se did not show much cllang(^ 

A survey of trade prc'feionces showed that V(u*y light chips are 
desinnl. Northern-grown potatoes may be unsuitable for this |)iir])()se 
when th(\y are brought in frojn the held. (vSee lot 1, Tabhvs 2 ami- 1^.) 
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THE CHEMICAL COMPOSITION OF GRASS FROM PLOTS 
FERTILIZED AND GRAZED INTENSIVELY IN 1929 ’ 


By J. G. Archibald ^ 

Assistant Research Professor of Chemistry, Massachusetts Agricultural Experiment 

Station 

INTRODUCTION 

The findings reported in this paper wej*e obtained during the season 
of 1929 in the eontinuation of a project, the first results of which were 
reported about a year ago.^ 

For an outline of experimental methods connected with the project 
and detailed discussion of the results obtained in 1928 the reader is 
referred to the earlier paper. 

Briefly, the (‘onclusions reached were: 

Application of fertilizer increased the quantity of dry matter pro- 
duced and of all its constituents and improved the quality of the 
herbage. 

Seasonal Jluctuations in composition of the herbage were not 
smoothed out to any great degree by application of fertilizer. 

Grass kept in the vegetative stage by grazing may vary consider- 
ably in composition as the growing season advances on account of 
the effect of such seasonal factors as rainfall, temperature, sunshine, 
and length of day. 

Tahlk 1." Kind of fertilizer used, rate, and date of application 


Plot No. 


Kind of foitlli7cr 


Pounds 
lK*r ticic 
appliod 


Dates of application 


1,2, 3, f), 7, H, and ; Niliophosku II | 
I ("aluica ^ .| 


(’aluica- - 

I (’'aluiea 

4 Check- 

« Acid phosphate 

1 XI uriaie of potash. - 
I 


2r)() 

c4i 


44 

44 


CO 


* 2r>K 

• 100 


\pr. 20"MBy 2. 

At intervals throuphout the season varyiup from 20 
days to .">0 da>s, comineucinp May 2H, cndinp Aug. 
29. 


Ma> 2. 
Do. 


« Nitrophoska II contains 10.5 per cent N, 10.5 i>er cent P 2 U 5 and 20 pci cent K.»(). 

Calurca contains 34 per cent N and 13 per cent lime (CaO) 

• Plots 8 and 9 received a double application of Calurea (HH IKs each) on Aug 12 and 10, resf)ectJv<*b , and 
none thereafter, thus making the total application to these two plots 132 pounds, the same (luantity of 
Oalurea as was applied to plots 1, 2, 3, 5, and 7. 

No fertilizer. 

• These amounts of acid phosphate and muriate of potash supplied the same amounts of I'aOs and KaO 
as did the Nitrophoska II. 

1 Received for publication Ma> 9, 1930, issued October, 1930. Publishcil with the permission of the 
director of the Massachusetts Agricultural K\j»eriment Station. 

> Grateful acknowledgment is here made of the cooperation of the Department of Animal Husbandry of 
Massachusetts Agricultural College and the feed control laboratory of this station, more particularly of the 
services of R. C. Foley, who took all samples, and of J. W. Kuzmeski and J, B. Zielinski, who made the 
determinations of crude fiber and ether extract under the direction of P. 11. Smith, chief chemist of the 
feed control laboratory. 

3 Archibald, J. G., and Nklson, P. R. the chemical composition of grass from plots fertilized 
AND GRAZED INTENSIVELY. Jour. Amcr. Soc. Agron. ‘21. H86-fi99, illus. 1929. 
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EXPERIMENTAL PROCEDURE 

The only important variations in the procedure in 1929 as compared 
with that in 1928, were the omission of nitrogen from the fertilizer 
application for Plot 6 and a 25 per cent reduction in the amounts of 
phosphoric acid and potash applied to the other fertilized plots. 
Also less nitrogen was applied in the spring and more during the 
summer. The detailed fertilizer schedule for 1929 appears in Table 1 . 

The system of grazing and of taking grass samples was identical 
with that in use in 1928. 

DISCUSSION OF RESULTS 

Results will be viewed from two angles : The effect of the fertilizer ; 
and seasonal variations. 

As in 1928, results from plots 7, 8, and 9 have been kept separate 
because these plots were not grazed during the early part of the season, 
being reserved for supplementary grazing acreage later in the summer. 
The grass on them was cut for hay in June. The cautionary note 
sounded in the earlier publication^ regarding interpretation of results 
is equally applicable here and need not be repeated. Table 2 shows 
the effect of the fertilizer treatment. 

Table 2. — Effect of fertilizers on the chemical composition {on a dry basis) of pasture 
grass grown on experimental plots in 1929 


[As in 1928 the values expressed in pounds per acre aro averages of the weights of the crop at the several 
times of sampling. Obviously total weights would not bo comparable because of the varying number of 
samples m the different groups] 


l*lot and fertilizer used 

Dry matter 

Nitrogen 

Crude fiber 

Ether ex- 
tract 

■^Calcium 

Phosphorus 



f 

Lbs. 


Lbs 


Lbs. 


Lbs. 


Lbs. 


Lbs. 

Plots 1, 2, S, and 6 

Per 

per 

Per 

per 

Per 

per 

Per 

per 

Per 

per 

Per 

per 


cent 

acre 

cent 

acre 

cent 

acre 

cent 

acre 

cent 

acre 

cent 

acre 

Average of 28 sai^les 

28.0 

1,102 

3.0 

33.2 

23.7 

261 

3.2 

36.1 

0.64 

7.0 

0.31 

3.4 

(Nitrophoska, Cfalurea.) 

Plots 7, 8, and 9 













Average of 14 samples 

34.1 

1,120 

2.4 

27.2 

25.4 

,287 

3.0 

33.6 

.67 

7.0 

.22 

2.4 

(Same fertilizer treat- 

ment as above, but not 
grazed until July.) 













Plot € (no nitrogen) 








1 





Average of 6 samples 

33.4 

951 

2.6 

23.8 

23.9 

227 

3.4 

32.3 

.65 

6.2 

.26 

2.4 

(Acid phosphate, muri- 
ate of potash.) 







i 

! 






Plot 4 (check) 







1 

! 




i 


Average of 6 samples 

39.8 

971 

1.9 

18.4 

26.7 

260 

2.0 

27.9 

.58 

5.6 

.27 

2.6 

(Unfertilized.) 














Comparison of the figures shows that — 

The grass from the check plot contained about 42 per cent more 
matter than did that from plots 1, 2, 3, and 5, but the average 
yield of dry matter on the dates when the samples were taken was 
about 13 per cent greater on the latter. Withholding nitrogen on 
plot 6 resulted in a dry matter percentage of 33 per cent as compared 


* ARCBiBALD, J. Q., and Nelson. Pa P« Op. dt., p* 689. 
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with 28 per cent in plots 1, 2, 3, and 5, and a dry matter production 
of 151 pounds less per acre, or, in other words, less succulent grass 
and less of it, even on a dry-rnatter basis. The considerably higher 
dry-matter content of the grass from all plots in 1929 as contrasted 
with 1928 can be attributed to a season as abnormally dry as that of 
1928 was abnormally wet. 

There was 58 per cent more nitrogen in the dry matter from plots 1, 
2, 3, and 5 than in that from the check plot, and about 80 per cent 
more nitrogen was recovered per acre. This is an even greater 
response to the fertilizer than was obtained in 1928 and seems to 
point to one of two things or perhaps to both: (1) A residual nitrogen 
effect carrying over from the previous season, probably the result of a 
better developed sod on the fertilized plots, due to the fertilizer 
treatment in 1928; and (2) nitrogen applications may be more effec- 
tive in a dry season than in a wet one. 

That the first mentioned of these possibilities, viz, the residual 
nitrogen effect, must be at least in part responsible for the difference, 
seems evident from a comparison of the results from plot 6, which 
did not have nitrogen in 1929 but did have it in 1928, with the results 
from the completely fertilized plots and the check plot. A nitrogen 
content about midway between the two extremes was found in the 
grass from this plot, and an acre recovery of nitrogen about 29 per 
cent greater than the recovery on the check plot, albeit mu(‘h below 
that on plots 1, 2, 3, and 5. 

Production of crude fiber was about the same on plots 1, 2, 3, and 
5 as on the check plot, but the percentage in the dry matter was 
somewhat less (23.7 as against 26.7), indicating that the grass had a 
higher nutritive value where the fertilizer was applied. Omission of 
nitrogen on plot 6 caused very little increase in fiber percentage — 
only 0.2 per cent. It should not bo concluded, how^cver, that nitrogen 
is unnecessary for production of high quality grass, for, as shown in 
the preceding paragraph, there was a very evident carry-over of 
nitrogen from the previous season on this plot. 

While the crude fiber content of the dry matter of the grass from 
the fertilized plots (1, 2, 3, and 5) was about the same in 1929 as in 

1928 (23.7 per cent and 23.5 per cent), there was a marked increase 
the second season for the check plot, 26.7 per cent as compared with 
25 per cent. This is probably chargeable to the very dry season in 

1929 and indicates that the check plot did not meet the severe test of 
the drouth so satisfactorily as did the fertilized plots. The very 
much higher dry-matter content on this plot in 1929 than in 1928 
leads to the same conclusion. 

The ether extract in the dry matter was about 10 per cent higher on 
plots 1, 2, 3, and 5 than on the check, and production per acre was 
about 26 per cent higher. Relatively these results are similar to those 
obtained in 1928, but despite the dry season the actual amount of 
ether extract produced was somewhat higher for all plots than in 1928. 
Regarding the intermediate position of plot 6 a deduction can be made 
similar to that already mentioned for nitrogen and crude fiber. 
Respecting the percentage content of ether extract, plot 6 was higher 
than the completely fertilized plots. It seems probable that this 
difference is relative only, because of the formation of less nitrogenous 
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substance whore the nitrogen was withheld and a corresponding 
relative increase in noiinitrogenous substances. 

The content of calcium was also about 10 per cent higher on the 
fertilized plots than on the check (a reversal of the findings in 1928), 
and recovery per acre was 25 per cent higher. The percentage and 
recovery of calcium were higher on all plots, the check included, 
than in 1928. 

The phosphorus content was about 15 per cent higher on plots 1, 
2, 3, and 5 than on the check, and recovery of phosphorus was 31 
per cent greater. All plots showed a decrease in content but an 
increase in recovery of phosphorus as compared with 1928. The 
decrease in phosphorus content is possibly a reflection of the smaller 
amount of phosphate fertilizer applied in 1929 but is more likely due 
to the severe drought of July and August. Orr^’ in a recent review 
of the subject cites several investigators whose work points to a 
lowered ])hosphorus content in j)asture herbage during serious droughts. 

With reference to plots 7, 8, and 9 the principal reason for the varia- 
tion between these and plots 1, 2, 3, and 5 is a seasonal one, samples 
not having been taken from them until July. The relatively high 
(‘alciiun and low phosphorus which characterized these plots in 1928 
pei*sisted in 1929. As suggested in the earlier paper the high calcium 
may be due to the liberal application of calcium nitrate which these 
plots received in 1928. The low phosphorus may perhaps be ac- 
counted for by the fact that these plots have been brought undtu* 
(‘ultivation comparatively recently and as a consequence may not 
have accumulated a phosphorus reserve comparable with that on the 
first six plots, which had been fertilized quite liberally over a con- 
siderable period of years previous to the commencement of the 
grazing experiment. 

To summarize briefly, the dry matter of the grass from the fertilized 
plots (1, 2, 3, and 5) was higher in total nitrogen, ether extract, cal- 
cium, and phosphorus, and lower in crude fiber than the dry matter 
of the grass from the unfertilized plot. Acre production of all con- 
stituents determined, crude fiber excepted, was markedly higher on 
the fertilized plots than on the check. For the most part the differ- 
ence between fertilized plots and check was greater than in 1928. 
The effect of withholding nitrogen from plot 6 in 1929, as would be 
expected, was most apparent in the nitrogen results from that plot 

SEASONAL VARIATIONS 

A summary of the seasonal variations appears in Table 3. The 
rainfall and temperature records at Amherst for the growing season 
of 1 929 are shown in Figure 1 and have been given careful considera- 
tion in accounting for variations in composition. Variations in the 
several constituents are considered in detail below and are further 
illustrated in Figures 2-7. 

« Orr, J. B. minerals in pastvre.s anu their relation to animal nutrition, p. 41-44. London. 
1929. 
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FkiI'hk 1 -Rmnfall iuid tempeniturerefonisat \Tnberst dun riK the kh am ng season of 1921), Dotted 
lines rei)resent normals for Vniherst, these vary slightly from those gi yen tor last > ear since a new 
lO-year normal has tieen established, whereas the I92S w’eat her grajihs were based upon the25-yeai 
normal formerly used b> tins station 




Figure 2.- -Variations in ayerage percentage content and production in pounds per acre of dry 
matter in grass as affected by fertilization of plots The vSolid line represents completely fertilized 
plots, the dot-dash line the no-nilrogen plot, and the dotted line the check plot 
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Figure S.—Varialions in average percentage content and recovery in pounds per acre, on^a'dry 
basis, of nitrogen in grass as affected by fertilization of plots. The solid line represents] com- 
pletely fertilized plots, the dot-dash line the no-nitrogen plot, and the dotted line the check plot 




Figure 4.— Variations in average percentage content and recovery in pounds per acre, on a dry basis, 
of crude fiber in grass as affected by fertilization of plots. The solid line represents completely 
fertilized plots, the dot-dash line the no-nitrogen plot, and the dotted line the check plot 
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c /^/ p 2 r octosjit^ 

Figure 6.— Variations in average percentage content and recovery in pounds per acre, on ’a 'dry 
basis, of ether extract in grass as atTected by fertilization of plots The solid lino represents com- 
pletely fertilized plots, the dot-dash line the no-nitrogeu plot, and the dotted line the check.plot 



Figure 6. — Variations in average percentage content and recovery in pounds per acre, on a dry 
basis, of calcium in grass as affected by fertilization of plots. The solid line represents com* 
pletely fertilized plots, the dot-dash line the no-nitrogon plot, and the dotted line the check plot 
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/My' xyc'/.y' .^^c/sc/sr' c5firx>r2£>y-<ftc^ 

FifiUHK 7 -Variations in avcrago percentaKC content and recovery in pounds per acre, on a <lrv 
hasi'<, of phosphorus in prass as afTected by fertih/.ation of jilols 'I'he solid line represents com- 
idetely fertilized plots, the dot-dash line the no-nitiopen plot, and the dotte 1 line the check plot 

Table 3. — Seasonal variations in chemical composition {on a dry basis) of pasture 
grass grown on plots fertilised with and without nitrogen and on check plots, 
in 19ii9 

PLOTS 1. 2. 'A, AND 


\I OMih 

Dry 

matter 

1 Nitrogen | 

(’rude fiber 

j Klher extrnct 

1 (’alcium 

Phosphorus 



1 IM. 


LHh I 

1 

Uh 


Lbs 


/Jm 

I 

Lbs 


Per 

per 

Per 

per 1 

Per 1 

Per 

Per 

per 

Per . 

per 

Per 

per 


ceiU 

acre 

1 cent 

acre < 

cent 1 

acre 

cent 

acre 

cent 1 

acre 

cent 

acre 

Mtn... 

22 0 

583 

3 9 

1 *2 7 i 

17 4 1 

102 

\ i 

24 8 

0 .17 

3. 3 

0 39 

2 3 

Juno 

2)3 

1,982 

3 3 

.15. 0 1 

23.1 ! 

3«8 

3.9 

04 7 

81 1 

13.7 

37 

9 2 

July 

27 4 

' 1,385 

2.9 

39 9 

25. 1 1 

348 

2 9 

39 9 

70 ' 

9.9 

32 

4 4 

\ugust. . . . 

34 (\ 

1,491 ' 

2.8 

41. 1 1 

27 3 1 

407 

2.7 

40 8 

. 58 1 

S 9 

.29 

3 9 

September... 

29 9 

933 j 

2 9 j 

27.3 , 

23.9 1 

223 

2 9 

*29 9 

.19 ; 

5 2 

28 

2 9 

fletohcr.. .. 

33 0 

979 1 

2«| 

21 3 

20 4 j 

170 

3 3 

27.7 

90 

5 0 

28 

2 3 


PLOTS 7, 8, 


July 

2S 

f, 

1,315 

2 4 

31 

2 

2 J. 0 

343 1 

2 9 1 

37. 9 

0 89 

11.3 ! 

0.21 

3. 0 

August 

41 

9 

1,219 j 

2 3 

2< 

3 

27 9 

337 I 

2 8 ' 

33. 7 

no 

7.3 ; 

21 

2 5 

Scptemher 

32 

7 

1,002 

2 4 

21 

3 

21 8 

218 ; 

3 2 r 

32 4 

55 

5 .1 [ 

21 

2 1 

October ... 

41 

(J 

1,02.1 , 

2 4 

21 

.1 

22 8 

2 13 j 

3 2 ! 

32 8 

t).! 

9 4 1 

. 21 

2 1 


PLOT « (NO NITRO(nCN) 


May 27.8 2'>8 2 t) | 7.8 18 1 48 4,4 11.7 0 .VJ Ifi 0 :12 , Oil 

June 22.0 ; 1,321 2.1)1 38.0 21.7 287 3 7 48 4 .70 1 1) 2 32' 4.3 

July*- . _ _ . . I 

AllRllSt . _ . 47 0 I I.3ft2 2 2 i 30 2 2^14 3.'>7 2 7 3.1.8 .73 1 H. 8 22 I 3.() 

September .. .1.1 3 940 2 0 | IK 7 27.0 254 3.2 29 7 ..11) .1 .1 19 ' 18 

October 32.0' 871 2.7 21.0 21.9 191 4.1 35.9 . 57 5 0 25 j 2.2 


, PLOT 4 (('IIE('K) ft 


May 

28.2 

798 1 2. 3 

18 2 1 2X 3 

102 

3.3 

26. 5 

0. 01 ! 4. 9 

0. 23 

1.8 

June* 


1 

. 




1 



July 

34. i 

1,092 ! 2 1 

21.9 27.8 

296 

2.6 

27.9 

. 00 1 7 0 

.31 

3.2 

.\ugust 

39. 7 

991 1,8 

17.3 28 9 

280 

2. 3 

22.9 

. 50 1 .1 5 

.28 

2.8 

September... . 

90 1 

1,228 1 1 5 

18. 8 29. 8 

360 

2.9 

35 7 

.66 ; 0.7 

t .29 

3. 1 

October — ... 

45. 9 

770 1 2 0 

15. 7 24. 3 

189 j 

3.4 

26.6 

. .12 4. 1 

.26 

2 0 


* As plots 7, 8, and 9 grew a crop of hay during the early part of the season, no samples were taken from 
them until July and the results from them are not includecl in the discussion of seasonal variations. 

fr The monthly values for the check plot and the no-nitrogen plot can not be considered as reliable as 
those fdr the comi)letely fertilired plots, for they represent analyses of only one sample, whereas the others 
are averages of from three to five samples. 

No sample taken; plot not grazed that month because of insufficient growth of grass. 
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DRY MATTER 

The most striking feature of the fluctuations in dry matter was the 
remarkable rise in percentage content as the season advanced, more 
especially in the che(*k and no-nitrogen plots. This of course was a 
direct and immediate result of the very dry season. The effect of the 
September rains in lowering the percentage is also worthy of note. 
Along with the consistently lower dry-matter content of the grass on 
the fertilized plots should be noted the consistently higher production 
of dry matter on these plots in pounds per acre except at the end of 
the season. With the one exce])tion of the check-]3lot value for 
Juiu', produ(‘tion of dry matter was consistently higher on all plots 
than in 1928 and for the most part markedly so. 

NITROGEN 

Pluct nations in percentage <‘ontent of nitrogen showed the same 
general trend as in 1928, although they were not so marked. The 
comj)letely fertilized ])lots were consistently higher than the no- 
nitrogen plot , and it in turn was higher than the (‘heck plot respecting 
both nitrogen content and recovery of nitrog(ui all through the 
season. The effect of j'esidual nitrogen on the no-nitrogen jdot re- 
fern'd to on p. 493 is even more strikingly brought out by a study of the 
s(uxsonal fluctuations. Of interest is the in(*rease in nitrogen content 
in October on the check and no-nitrogen plots. This is attributed to 
the rains and warm weather of early vSeptember. 

Fluctuations in nitrogen recovery on the fertilized plots were more 
marked than in 1928 although of a similar tnmd. The reverse was 
true of the check plot. 

CRUDE FIBER 

As the season advanced there was a quite uniform increase in the 
j)('rc('ntage content of crude liber on all plots until August and on the 
check and no-nitrogen plots until September. In 1928 the peak was 
n^ached in didy and August, respectively, or one month earlier. 
The difference is probably due to the marked differeiu'e in the two 
s('asons. 

This maiked increase in liber content as the season progresses was 
commented upon rather fully in the earlier publi(*ation and was the 
chief basis for a conclusion drawn at that time to the effect that 
‘‘although grass may be kept short by grazing or other means, it does 
not follow" that it- w ill have a composition and nutritive value through- 
out the season similar to that it had at the start. 

This viewpoint has been questioned by Ellen berger et al.® on the 
ground that the grass may have been more matiire later in the season. 
This possibility was recognized in our former publication where it 
was stated that “part of the variation may have been due to slight 
differences in stage of maturity of the samples. “ It must be reiterated 
here, however, that all samples w ere very immature when taken, being 
still in the early vegetative stage, and it is difficult to believe that a 
variation from 17 per cent to 27 per cent of crude fiber could be more 
than partly accounted for on the basis of stage of maturity. The 
conclusion drawm in the earlier paper that the process of fiber building 
in the plant “is, iti part at least, seasonal and to that extent inde- 

® ELLENBERr.KR, 11. B., NEWLANDER, J. A., find JONKH, C. FI. YIELD AND TOMPOSITION OF I’A.STURE 
<.RASS. Vt. Agr. Expt. sta Bui. 395, 68 p., illiis. 1929. 
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pendent of the stage of maturity of the plant/^ seems to be further 
confirmed by the results in 1929. 

Acre production of crude fiber showed very similar seasonal fluctua- 
tions in all plots irrespective of fertilizer treatment. 

ETHER EXTRACT 

On all plots the seasonal fluctuations in content of ether extract 
parallel very closely the amount of rainfall, showing how dependent 
is the synthesis of this particular constituent on the moisture supply. 
The same was true in general last year. The ether extract of plant 
materials always includes whatever pigments may be present, the 
most important one in grass being chlorophyll. When one reflects 
on how grass ^^greens up’’ after a rain, indicating rapid elaboration of 
chlorophyll, the relationship between content of ether extract and 
amount of rainfall is seen to be a rational one. 

The fertilizer treatment maintained acre production of this con- 
stituent at a much higher level during the first part of the season, 
but seasonal variations were accentuated rather than diminished 
by it. 

CALCIUM 

The seasonal variations in calcium were entirely different from the 
results of 1928, again due presumably to great seasonal contrasts in 
moisture supply. On all plots a relatively low value was found in 
May, which on the fertilized plots suddenly increased to a much 
higher value in June, was slower in reaching a maximum on the check 
and no-nitrogen plots, and dropped rapidly from the maximum in all 
cases to values at the end of the season as low or lower than those 
found at the start. The same was substantially true for the acre 
recovery of this element. 

• PHOSPHORUS 

Unlike calcium, phosphorus showed much the same seasonal trends 
as it showed in 1928. Fluctuations in the values for the fertilized 
plots showed an even more striking resemblance to those for nitrogen 
than they showed in 1928, and with respect to the check plot the same 
apparent inconsistency is evident as was commented upon in the 
earlier publication, viz, a low value at the beginning of the season, 
rising to a maximum in midsummer. This situation is hard to 
account for; last season any attempt at explanation was carefully 
avoided as it was considered unsafe to draw conclusions until further 
results had been secured. Since a similar result has been obtained 
the second year it may be safe to put forward a tentative explana- 
tion to the effect that the liberal supply of plant food on the fertilized 
plots had its maximum effect in the earlier part of the growing 
season, while the rate of metabolic activity was somewhat slower 
on the depleted check plot. 

SUMMARY 

Results of analyses of 52 samples of grass from nine 8-acre pasture 
plots that were fertilized and grazed intensively, are reported, dis- 
cussed, and compared with results which were secured in the previous 
season (1928), and which have been published elsewhere. The ferti- 
lizer treatment was the same as in 1928 except that nitrogen was 
withheld from one plot that had a complete fertilizer that year, and 
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the amounts of phosphoric acid and potash were reduced 25 per cent 
on all plots. In other respects the experimental procedure was the 
same. 

The fertilizer treatment decreased considerably the dry-matter 
content of the grass and the crude fiber content of the dry matter. 
All other constituents of the dry matter that were determined were 
increased, the nitrogen showing the most significant rise. Acre pro- 
duction or recovery of all constituents was increased, nitrogen being 
nearly double that recovered on the check plot. The effect of with- 
holding nitrogen from one plot was very marked. 

The conclusions reached in the earlier publication regarding (1 ) 
increase in nutritive value due to fertilization, (2) absence of any 
appreciable effect of the treatment in leveling seasonal fluctuations, 
and (3) changes in chemical composition of the grass as the season 
advanced, are substantiated and strengthened by the results of 1929. 

A careful study of all results for both seasons, and correlation of 
these with the weather records leads to the further conclusion that of 
all the factors that influence the chemical composition of grass, pro- 
ducing as they do marked seasonal fluctuations, the amount of rain- 
fall is the most important. 




THE USE OF PRESERVATIVES TO PREVENT LOSS OF 
NITROGEN FROM COW EXCRETA DURING THE DAY 
OF COLLECTION' 

By Rowland B. French 

Associaif' irt Aiiimal Nutrition, Institute of Animal Nutrition, Pennsylvania State 

College 

INTRODUCTION 

This study was undcrtakoii at the re(juest of Director E. B. Forbes 
of this institute, in tlie course of pre])arations for a series of mineral 
and nitrojz:en halan(*es with cows, and had for its o])je(‘t the determi- 
nation of a method of prevention of the loss of nitropjen from combined 
urine and feces. These excreta, as voided, were to be j^uided by a 
rubber apron and j^alvanized-iron hopper into an open galvanized- 
iron pan in the gutter behind the (‘ow; and the conditions to be met 
i)y the treatment were that it be effective' during an interval of 24 
hours; and that the ])reservative be cheap and free from objectionable 
odor, and of such nature as to be easily handled, and as not to contain 
nitrogen or any of the several inorganic elements to be studie'd. 

METHODS 

In the preliminary tests samples of fresli feces and urine were mixed 
in equal proportions and allowed to stand in open vessels at about 
70° F. for IS hours. Kjeldahl determinations then revealed losses 
which rangc'd from (> to 30 per cent of the total nitrogen present. 
This large variation in the loss of nitrogen from the several samples 
was caused by differences in surface exposed — the greater the surface 
in relation to the (piantity of excreta the greater the loss of nitrogen. 
Nitrogen determinations in further experiments were easily performed 
with the aid of a Folin ammonia apparatus, as described later. 

The sampk' of excreta w^as put into an aeration flask, and ammonia- 
free air was drawn over the surface of the sample and through standard 
sulphuric acid. After titrating the unused sulphuric acid with stand- 
ard alkali the ammonia lost by the sample w^as computed. Fifty grams 
of fecse and 50 c. c. of urine wwe found to make a ('onvenient-sized 
sample. 

The feces from milk-])roducing cow^s was sufliciently plastic to 
allow a sort of pipetting, by the use of a 12-inch piece of ki-inch glass 
tubing fitted internally with a movable section of rubber stopper. 
One end of the tube was closed with this rubber disk and thrust into 
a mass of feces. Then suction w-as applied at the open end of the 
tube sufficient to cause the feces to enter and to rise to a fixed mark. 
The tube was then introduced into the aerating flask, and the feces 
were expelled by pushing down the rubber disk with a glass rod. 
Thus the feces were deposited in the bottom of the flask without 
smearing them on the neck. To this portion of feces was added 50 
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c. c. of urine. A battery of flasks thus prepared was used for a series 
of preservative comparisons. Since 100 gm. samples were used, and 
the feces and urine mixtures contained about 1 per cent of nitrogen, 
the decigrams of nitrogen lost were expressed as per cent of total 
nitrogen lost — a procedure which is only approximately correct, but 
which was found useful for comparative purposes. 

RESULTS 

In Table 1 are given the results of several experiments with differ- 
ent preservatives as listed. The preservative was added in each case 
in the strength of a normal solution. Then the feces, urine, and pre- 
servative were well shaken together. 

The temperature of the laboratory varied from 70° to 90° F. at 
the time of the several experiments. 

At the lower concentrations copper sulphate, formaldehyde, and 
zinc sulphate were most efficient in preventing loss of nitrogen. At 
the higher concentrations all of the chemicals used showed some pre- 
servative action. Copper sulphate was very effective but was dis- 
carded because of its reaction with the zinc coating of the collection 
pans. The tests with formaldehyde and zinc sulphate showed that 
these preservatives also were effective, and that in sufficient concen- 
tration they reduced the nitrogen loss to negligible quantities. 

Table 1. — Influence of different presertfativea in preveniing loan of nitrogen from 
100 gm, samples of feces and urine mixtures 


! Loss of N, expressed as percentage of total N 
I present, when the indicated quantity of pre- 
servative, expressed in cubic centimeters of nor- 
_ , mal solution per 100 gnis. of feces and urine, was 

Preservative used « used 


Copper suphate 

Boric acid 

Ferrous sulphate . 

Formaldehyde 

Phenol 

Salicylic acid 

Toluene 

Zinc sulphate 


2 

4 

i 

i 

12 ! 

0 15 

i 


i 

“ 3. IP 1 



1 

“ 3 IP 

'h81 

• 3. IP 

^0.18 

i._ 

o.or. 

0 oi 1 

2.29 

! 1 


2 43 



.72 

1 21 1 

1 i 

1 ^ 

.01 

1 


J.'i 


O-HI 

.08 

.08 

1.08 

.86 

1.42 

.01 


* Standard acid completely noutralired. and some ammonia lost. 


Check tests without any preservative showed losses of 3.19+ per 
cent, 5.99 per cent, and 2.63 per cent, in association with the 2 c. c., 
the 12 c. c., and the 15 c. c. series, respectively. 

The manner in which the feces and urine were mixed had a marked 
effect on the loss of nitrogen as shown in Table 2. The term '^not 
mixed as used in this table signifies that the urine and preservative 
were placed in the Kjeldahl flask and that the feces were added thereto 
without shaking. It is obvious that the thorough mixing of the feces 
and urine by shaking increases enormously the speed of the action by 
which the nitrogen is lost, unless prevented by the preservative. Also, 
in these experiments the loss of nitrogen from the feces and urine, 
placed together but not mixed, either with or without preservative, 
was very small. 
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Table 2, ~ -Lous of nitrogen from cow excreta^ expressed as percentage of total 
nitrogen presenty as affected by mixing the urine and feces, and by treatment with 
2 c. c. of normal solution of different preservatives per 100 gm, of feces and urine 


Treatment of feoos 
and urine mixture* 

1 Copper 
.sulphate 

llorio 

acKl 

Ferrous 

sulphate 

Formal- ! 
dehyde | 

1 

I^henol 1 

1 

Salicylic 

acid 

Toluene 

Zinc «?ul.^ P*"®* 

nhnto servativc 
PP'**'® 1 (check) 

Well mixed 

Not TTfiixed 

0 15 
; . 35 

3 19+ 
.72 

1 3.19+ 
.12 

0 84 
.10 

3.19+ * 
• 55 

2 29 
.40 

2 43 
.19 

0 72 ; 3. 19+ 

0 24 


1 



In Table 3 are given the results of several experiments in which 
large quantities of feces and urine were placed in the excreta collection 
])ans. These results serve as a check on the previous amaller-scale 
experiments. Copper sulphate, zinc sulphate, and formaldehyde 
gave complete protection against loss of nitrogen when added to a 
homogeneous mixture of feces and urine. When these excreta were 
not stirred together, copper sulphate, the most efficient of the pre- 
servatives used, showed little, if any, effect in retarding the small 
loss of nitrogen which occurred. The copper plating of the gal- 
vanized-iron collection pans, however, suggested that the pans might 
not stand up under this treatment. 


Table 'S,--Loss of nitrogen from large quantities of vow excreta, expressed as per- 
centage of total nitrogen present, as affected by mixing the urine and feces, and by 
treatment with 2 c. c. of normal soluhon of different preservatives per 100 gm. of 
feces and urine 


Treatment of feezes an<i urine mixtures 


Copiier ZiDc 
sulphate suliihale 


Formal- 

dehyde 


No pre- 
servative 
(fherk) 


Well mixed 

Not mixed. 


None. 
1 47 


None, 


None, i fi to 3(> 
j «10lo2t> 


® Temijerature x’anation from 70® to W® F. 


With the elimination of copper sulphate from further consideration, 
for practical reasons, it was decided to use formalin as a preventive 
of nitrogen loss. In Table 4 is given a summary of the experiments 
in which nitrogen was determined with the Folin apparatus and 
formaldehyde was used as a preservative. The amoimt of preserva- 
tive used is given as cubic centimeters of normal solution, per cent 
as formaldehyde, and per cent as formalin, in the mixtures of excreta, 
together with the loss of nitrogen from the mixed excreta with and 
without the preservative. 

Table 4. —Results of experiments with formaldehyde as a preservative in preventing 
loss of nitrogen from feces and urine mixtures 


1 

1 Quantity of formaldehyde used jier 
j 100 gm of feces and urine mixture 

Nitrogen los.s expressed 
as (lercentage of total 
nitrogen present « 

1 Normal 

1 solution 

1 used 

Formal- 

dehyde 

Formalin 
(37.6 i)er 
rent) 

With 

preserva- 

tive 

Without 

preserva- 

tive 

1 C\ c. 

Per cent 

Per cent 

Per cent 

j 

Per cent i 

1 2 

0.00 

0.16 

0.84 

3. 2+ 

4 

.12 

.32 

.18 

6.0 1 

' 8 

.24 

.04 

.05 

0.0 i 

12 

.30 

.90 

.01 

0.0 1 

1 15 

1 

.46 

1.20 

.08 

2.6 1 

1 



- 




•Nitrogen determinations with Folin apparatus. 
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SUMMARY 

Cow feces and urine, placed together, but unmixed, showed during 
an 18-hour period losses of from 1 to 2.6 per cent of the total nitrogen 
present. When these excreta were thoroughly mixed the losses 
varied from 6 to 30 per cent of the nitrogen. 

Chopper sulphate, zinc sulphate, and formaldehyde, when added 
in small concentrations to mixtures of feces and urine, were highly 
effective in preventing losses of nitrogen as ammonia. 

C) 
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STUDIES ON INFECTIOUS HAIRY ROOT OF NURSERY 

APPLE TREES ' 

By A. J. Rtkek, Asttociala Professor of Platil Pathology, XJ raver sit y of W isconsirif 
and Agent, Office of Horticultural Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agr'iculiure; W. M. Banfield, Agent, Office of 
Horticultural Crops and Diseases, Bureau of Plant Industry, United States 
Department of Agriculture: W. 11. Wkight,^ Associate Professor of Agricultural 
Bacteriology, Uriiversity of Wisconsin, G. W. Keitt, Professor of Plant Pathology, 
Ihiiversity of W'lsconsin: and H. E. Saoen, formerly Agent, Office of IlorticuU 
tural Crops and Diseases, Bureau of Plant Industry, United States Department 
of Agriculture 

INTRODUCTION 

The enlargements that commonly occur on underground parts of 
piece-root grafted nursery apple trees have received attention from 
numerous investigators. 

Smith and his covvorkers {25)^^ in their extensive researches on 
cTown gall, estaldished Bacterium tumefacien,^ Smith and Town.^ as 
the organism whose several varying strains produce different types of 
crown gall on many plants, including apple. After giving careful 
consideration to the (|uestion of whether they should include in one 
rather variable species all the strains of crown-gall bacteria studied 
or should split them into different species, these workers p, 
1f)7-15S) concluded that— - 

* * * much furtluT lime will lx* mniircd to decide positively whether it is 

Ix'si to regard all crowui galls as due to variatioiis of one ])olymor])hous species, 
or whether they should be separated into tw'o or more species * * * and for 

the present at least we ])refer to leave the group undivided, merely indicating 
the various cultures for purpose's of convenience by the name of the plant from 
which de'rivtxl, as daisy, peach, pojdar, etc. 

After the work of Smith and his associates a widespread tendency 
developed to attribute to the crown-"all organism various apple 
overgrowths whose cause had not been cuearly shown. Later investi- 
gations, however, initiated by Smith {24), have tended to modify this 
conception. Lek {9) has given a review of the literature on various 
overgrowths. 

Studies on control reflect the complexity of the problem and suggest 
that several factors influence the development of overgrowths. Riker, 
Keitt, and Banfield {2t) effected marked reduction in the number of 
malformed trees by wrapping well-fitted grafts wdth adhesive tape. 

> Received for publication May 1, 1930; issued October, 1930 rublished with the approval of the directoi 
of the Wisconsin Agricultural Experiment Station. These studuis were begun as a i>art of the Wisconsin 
pro^am in the crown*gall project supported cooperatively by the Cron Protection Institute, the Iowa State 
College of Agriculture and Mechanic Arts, and the University of Wisconsin, have been continued in co- 
operation with the U. S. Department of Agriculture. This work has been supported in part by a grant 
from the special research fund of the University of Wisconsin. 

a Died May 8, 1929. 

* Reference is made by number (italic) to Literature Cited, p. 538. 

< Synonym: Phytomonas tumefaciens (Smith and Town.) Committee S. \. B. This name is used in the 
present paper. 
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Melhus, Muncie, and Fisk {13) reported increasing the percentage of 
smooth trees by the nse of wedge grafts. Riker {18) suggested the 
influence of incompatibility between scion and stock for consideration 
in relation to some of the enlargements encountered. Wormald and 
Grubb {SO) reported the reduction of knots following chemical and 
mechanical treatments. On the other hand, Waite and Siegler {29) 
reported increasing the percentage of smooth trees by the use of cloth 
and raffia wrappers with treatments in hydroxyinercurichlorophenol. 
They attribute the reduction in overgrowths to the action of the 
chemical on the crown-gall bacteria. 

Siegler {23) isolated cultures of bacteria from malformations on 
nursery apple trees and conducted inoculation tests with them. He 
states {23^ p, 312): ^STust how important a r61e this apple strain of 
Bacterium tumefacieufij if in fact it is a strain of that organism, plays 
in the formation of the woolly-knot type of malformation is still 
undetermined.” 

The present writers {20 ^ 22^, 35, SO) hiwe made proliminaiy reports 
on the isolation of an organism which is different from Phytomonas 
tumefaciens and which causes hairy root. A more detailed report of 
their studies ^ on hairy root and its causal organism is the purpose of 
the present paper.® 

DESCRIPTION OF INFECTIOUS HAIRY ROOT 

The infectious hairy root under consideration is most commonly 
observed on grafted nurseiy apple trees 1, 2, or 3 years old as they are 
dug for storage in the fall. The nurserymen have applied the names 
** hairy root” and woolly knot” to these malformations because of 
the very large number of small roots protruding either directly from 
the stems or roots or from localized hard swellings that frequently 
occur at the unions. (Fig. 1.) In the very early stages of the devel- 
opment of these malformations the hairy” roots are fleshy; in inter- 
mediate stages mixtures of the fleshy and fibrous types are found; 
and in the later stages the fibrous type predominates. Since it has 
been shown by Harris {4) that moisture is an important factor in 
determining whether a root will be fleshy or fibrous, additional work 
needs to be done to ascertain how "much the haiiy root organism 
influences the type of roots produced. The enlargement often found 
at the base of the roots in the later stages is usually covered by a 
definite cortex, which, however, may be obscure because of the pro-, 
fusion of small roots extending through it. The interior of the basal 
enlargement is hard, being composed largely of woody elements, which 
occur in an irregular cross-grain position and supply vascular con- 
nection with the roots. In many cases, especially between the roots, 
small pockets are found which inclose particles of soil and a large 
number of soil funri and bacteria. Typical examples of hairy root 
that followed inoculations may be seen in Figure 2. 

In addition to the hairy-root enlargements just described, there 
are similar malformations which resemble the knots from which the 
hairy roots emerge, except that the roots have not developed. Such 
knots have a typical structure characterized by a very deeply con- 
voluted surface from which fissures may extend through a tortuous 

• The experimental work was done at Madison, Wis„ unless otherwise stated. 

* Since this manuscript was prepared, additional papers dealing with this subject have appeared (;9a,da 

i70piSu)i 




Figure l.—Natural Infection of hairy root on 3-yoar-old Wealthy apple trees from the nursery 
row. A and B.~Hairy-root development from little or no basal enlargement, showing predomi- 
nance of fibrous roots in A and of fleshy roots in B. (/and D.— Hairy-root development of the 
“woolly knot” type from comparatively small overgrowths 


the etiology is still uncertain, typical hairy-root organisms have been 
obtained from this kind of knot and will be described later. A typical 
example is shown in Figure 3, D. Riker and Keitt {19) were uncertain 





somewhat elongated K. L. M, and 
the crown-gall organism at the same intervals of time as the other scries 
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of the etiology ()f overgrowths of the two types just described, which 
yielded bacteria of doubtful identity. A continuation of the study 



Figure S.—Successive stages in the response of Wealthy upple grafts to puncture inoculations made 
with the hairy-root organism in the spring of 1927. A.— Inig in the fall of 1927. B.—Dug in the 
sjpring of 1928; shows immature roots which were winter killerl and early stages of new hairy-root 
cfevelopmont. C.—Dug in the fall of 1928. 1).— Dug at the same time as C; shows deeply con- 
voluted tyi)e of overgrowth often found on nursery trees in their second year. Further work will 
be neeesvsary to show conclusively whether or not this is an uncomplicated form of hairy root 


of these cultures of unknown identity led to the investigation reported 
in the present paper. 
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Mixtures of the characters of the malformations just mentioned 
with those of overgrowths due to other causes are also found. 

The very early stages of infectious hairy root on underground parts 
of nursery apple trees closely resemble those of crown gall and excess 
callus. Studies on the differentiation of crown-gall and hairy-root 
enlargements in these early stages of development on apple are not 
yet finished. In these stages it seems at present unwise to attempt 
such a distinction except as a result of bacteriological analysis. How- 
ever, after a sufficient incubation period, the swelling indilced by 
Pkytomonas tumefaciens becomes larger and shows no tendency to 
develop root primordia or roots. That induced by the hairy-root 
organism typically soon develops root primordia and roots. Illus- 
trations of these types of malformation m different stages are shown 
in Figure 2. The characters of hairy root, crown gall, and wound 
tissue in their early stages are discussed further in the section on 
season al-de velopment stu dies . 

In inoculation experiments with the hairy-root organism on apple 
stems aboveground, malformations which resemble small burrknots 
have been induced. Siegler (B8) reports similar results from inocula- 
tions with the cultures which he isolated from overgrowths on apples. 
In the present writers’ experiments, althougli root primordia were 
sometimes produced, no roots were developed in the air except under 
artificial conditions of high humidity. 

The resemblances to burrknots thus shown by malformations 
induced by inoculations with the hairy-root organism in the open 
air might raise a question (£3) concerning the validity of the work 
of Brown (2), Hiker and Keitt (iS), and Hatton, Wormald, and 
Witt (5). The present writers, using Patel’s method (16)^ have 
attempted isolations from 14 typical burrknots of various ages on 
apple received in 1928 'from West Virginia through the courtesy of 
N. J. Giddings and his staff. In each case, in accordance with the 
work just cited (23), negative results were obtained. The majority 
of the isolation plates were completely sterile, and in no case was any 
colony secured wliich closely resembled the crown-gall or hairy-root 
organisms. The evidence now available seems to be against the 
conclusion that most of the conmion, naturally occurring burrknots 
are of parasitic origin. When burrknots' occur beneath the surface 
of the ground and roots arc produced from them, as for example on 
Paradise and Doucin stocks, the resulting formation is very similar 
to hairy root. As far as the present writers are aware a clear differ- 
entiation between these underground burrknots and hairy root on 
the basis of external characters nas not yet been worked out. 

Examinations of the hairy root of apple seedlings, which was studied 
by Muncie (14), have not been included in the work reported in the 
present paper. 

ISOLATION AND INOCULATION STUDIES 

Isolation and inoculation experiments wdth the hairy-root organism 
were begun in connection with the studies of crown gall and wound 
overgrowth of apple nursery stock reported by Hiker and Keitt (19). 
By using a carefully standardized technic they found that Pkytomonas 
tumefaciens was readily isolated from a type of malformation which 
they considered to be the true bacterial crown gall and that the 
organism isolated induced typical crown gall when inoculated into 
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susceptible plants, such as tomato, geranium, tobacco, and apple. 
However, when the same technic was applied to apple malformations 
of various other types, very different results were obtained. In 
some cases the isolation plates either remained sterile or developed 
colonies of bacteria whicli induced no overgrowth when inoculated 
into tomato, geranium, tobacco, and apple. In other cases organisms 
were isolated which closely resembled P. tumefaciens in colony char- 
acters, but which induced only doubtful or slight overgrowth responses 
in inoculation tests. In all cases these inoculations were made on 
tomato, and in nmny instances on apple, tobacco, and geranium. 
In his criticism of this work because of the host plants employed, 
Siegler (23) apparently failed to notice (1) that, in addition to tomato, 
geranium, and tobacco, apple was also employed as a test plant for the 
organisms and (2) that organisms secured from malformations de- 
scribed as typical crown gall on apple were pathogenic on tomato, 
geranium, and tobacco, as well as on apple. Concerning the identity 
and possible relation to overgrowths on apple of those bacteria which 
resembled the crown-gall organism in colony characters but occasioned 
little or no overgrowtli on tomato, conclusions were withheld, pending 
the results of the further studies which arc reported in the present 
paper. 

Further evidence concern ng the nature of these bacteria was secured 
in 1927 by the present writers, using the cultures isolated by Riker 
and Keitt (19). Each of eight selected strains was inoculated by 
needle punctures into underground parts of the stems of first-season 
Wealthy apple trees. Six inoculations with each strain were made 
on each of 10 trees. Fifty trees were similarly punctured for con- 
trols but not inoculated. At the time of inoculation the experimental 
trees had made about 12 inches of new growth. In each case, after 
the treatments were completed, soil was heaped up over the places 
treated so as to provide as nearly natural conditions as possible for 
the incubation of the organism. After two months either hairy root 
or crown gall showed at the ])laces of inoculation. When the trees 
were dug in the fall, six of the eight cultures had induced hairy root 
and two had induced crown gall at the places where the bacteria were 
inserted. The 50 control trees all gave negative results. The details 
of these studies are presented in Table 1. Attempts to recover each 
of the six strains of bacteria which stimulated hairy root from these 
artificially infected trees yielded bacteria which appeared on agar 
plates to be typical of those inserted. Cultures recovered from nve 
of these overgrowths were reinoculated into apple in 1928. Each 
produced overgrowths tj^pical of those from which the isolations were 
made. 

These preliminary experiments made it seem desirable to undertake 
a detailed study of infectious hairy root. Trees bearing hairy root 
were secured from nurseries in different localities where it was prev- 
alent and brought into the laboratory for examination. 

The procedure in the inoculation work on infectious hairy root during 
the wdnter of 1927-28 was similar to that employed by Riker and Keitt 
(19). However, instead of nutrient dextrose agar or yeast-infusion 
agar, the medium devised by Patel (16*) was used. This medium con- 
tains, per liter: Agar, 17 gm.; bile salt (sodium taurocholate), 3 gm.; 
glucose, 2 gm. ; and crystal violet, 0.002 gm. It is adapted from the 
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well-known media employed in isolations of organisms of the colon- 
typhoid group. 

Table 1. — Results of a series of puncture inoculations with cultures of the hairy^root 
and crown-gall organisms in 19^7 « 


I car-old wood 


New woo<l 


Culture (orpamsin and No.) 


Hnirv root 
1207. 
2(K)4 
2014-. 
2098- - 
2104-.. 
2 ior» 

f'row n pall 
2018- 
2124. 
('ontrols 


Number 
of inocu- 
lations 


Hesull of inocula- 
tions 


Hair> Crown 

root pall 


Number | 
of inocu - 1 
lations < 


liesult of mociila- 
tions 


Jlairy | (’rown 
root I pall 

I 


39 

41 

34 

41 

47 

34 


12 

10 

a 

11 

12 

2 


I 

0 I 
0 
0 
0 
0 
0 


20 

19 

2 .*) 

19 

14 

30 


12 0 
21 ' 0 

10 I 0 

7 ! 0 

12 ; 0 


47 0 3 

47 0 3 

128 0 » 0 


111 0 ; 9 

11 1 0 I 9 

112 . 0 I 0 

; I 


" On Juh 10 each cuUuie was muculiited Ihrouph needle punctures into both the l-year-old scions and 
the new shoots of 10 fiist-.veaj Wealthy apple trees in the field Fifty control trees wore punctured but 
not inoculateil. .\11 places of inoculation and all contiol punctures weie jiroriipth co\cie(i w’llli soil. The 
results weie taken Oct. 28 


The value of this bile medium was compared with that of yeast- 
infusion agar. The bile agar materially reduced the amount of growth 
of certain fungi and of some types of bacteria which often occur in 
the soil and within portions of the hairy-root overgrowths. It 
seemed to Jiave no inhibitoiy effect upon the early development of 
Phytoinonafi tumefacien^, the hairy-root organism. Bacillus radio- 
hacter Beij. and Van Deld., or certain nonpathogenic mucoid organ- 
isms of the soil. However, these organisms w^re apt to die on the 
bile medium after some days. Consequently yeast-infusion agar was 
used to (‘arry the sto(*.k cultures after they were transferred from the 
isolation plates. The efficiency of PateFs method {16), in which bile 
agar was used, was compared upon 20 different enlargements wdth 
that of the method employed by Riker and Keitt {19), in which 
yeast-infusion agar was used. The bilo-agar method yielded positive 
results in 19 cases, while the yeast-infusion agar method gave positive 
results from all the specimens. This difference was considered to be 
within experimental error. Although PateFs method was found to 
be no more accurate in the hands of the present writers than the 
yeast-infusion agar method, it was used for routine work because of 
other advantages. Time was" saved because only three isolation 
attempts, instead of five, were made for each enlargement, and 
difficulty with contaminating organisms was reduced. 

During the winter of 1927-28 isolation studies were made upon 88 
additional enlargements, chiefly of the hairy-root type and including 
woolly knot,^^ which were secured from 12 representative nurseries 
in Iowa, Kansas, Minnesota, Missouri, Nebraska, Oklahoma, and 
Wisconsin. Typical specimens are shown in Figure 1. After the 
isolation plates were poured and individus,! colonies had developed, 
eei*tain typical colonies were selected and transfers made for stock 
cultures, 
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Each strain of hat^.toria taken from the isolation plates was later 
inoculated into apple and tomato plants. In some cases additional 
inoculations were inade on tobaccn. The apple was used because it 
is the host plant with which this investigation is most concerned and 
is susceptible to both croum gall and hairy root. The tomato was 
selected as a i)romising differential host for the crown-gall and hairy- 
root organisms. In order to minimize the possibility of natural 
infection, the apple trees were grown under the following conditions: 
(1) In the open field in ground where apples had not been grown 
before, (2) in field plots that had been steamed for 25 minutes and 
boarded up according to the method (7) commonly used for tobacco 
seed beds, (3) in virgin soil in pots in the greenhouse, and (4) in auto- 
claved soil in the greenhouse under conditions designed to ex(‘lude 
the chance intervention of an^^ infectious organism. The data are 
leported without further reference to the conditions under which 
the apple plants were grown, as like results were obtained by eacli 
method used. The earlier inoculations on apple were made in stems 
of the preceding year’s growth. After it w^as found that the use of 
stems of the current year’s growth reduced the incubation period 
and greatly increased the chancres of obtaining positive results, the 
inoculations were made in young shoots from first-year grafts. The 
tomato and tobacco plants were grown in pots in the greenhouse. 
Th(‘- bacteria from agar slants were inoculated through needle punc- 
tures into the stems of the experimental plants, aboveground on tomato 
and tobaccA) and underground on apple. Five punctures were made 
in each inoculated and in each (‘ontrol plant. Twx) j)lants of the 
apple were inoculated with each bacterial strain tested, and one 
control plant was punctured but not inoculated. For inoculations 
into tomato and tobacco, one plant was used for each bacterial 
strain tested, and one control was left for every five plants inoculated. 
For purposes of comparison many parallel inoculations were made 
witJi carefully purified strains of Fhytomonas tumefaclens that had 
been isolated from typical crown galls on apple and other plants. 

The results of tliese isolation and inoculation studies are too 
voluminous for detailed publication. Records relating to each of the 
88 malformations studied were kept under 92 headings. Inoculation 
tests w^ere made with 359 strains of bacteria, an average of over 4 
strains for each overgrow th. Two of the 88 enlargements yielded the 
crown-gall organism, as determined by inoculations on tomato and 
apple. Thirteen yielded no organisms that induced response follow- 
ing inoculation. One yielded an organism that occasioned host re- 
sponses intermediate between those of hairy root and crowrn gall. 
The other 72 specimens all yielded organisms that induced reactions 
characteristic of the hairy-root organism following puncture inocula- 
tions on tomato (fig. 4, B) and apple stems (fig. 4, A). Control punc- 
tures were all negative. The reactions of the inoculated and control 
plants are discussed more fully in the section on seasonal develop- 
ment studies and are illustrated in Figure 2. The percentage of cul- 
tures from individual enlargements which gave positive results for 
hairy root varied with the different knots. Some of the overgrow ths 
yielded organisms all of w^hich were able to stimulate hairy root, some 
yielded omy nonpathogenic cultures, and others yielded both kinds. 
Some of the results are summarized in Table 2, where the specimens 
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PiouRfi 4. — Some results of inoculatiou and cultural studies of the hairy-root and crown-gall 
organisms and Bactilua radiboacter. A.— Wealthy apple graft four months after uuncture inocu- 
lation with the hairy-root ofganisra. B, O, and D.— Tomato stems one month after inocula- 
tion with the hairy-root organism, the crown-gall organism, and B. radiobacter, respectively. 
E, F, and G.— Growth characters of the crown-gall organism, the hairy-root organism, and B, 
radiobacter, respectively, in litmus milk after three weeks at 28® C. H, I, and J.—Growth 
characters of the crown-gall organism, the hairy-root organism, and B, radiobacter, respectively, 
in xylose peptone-salt liquid medium after four w^ks at 21®. K, L, and M .—Growth characters 
of the crown-gall organism, the hairy-root organism, and B. radiobacter, respectively, m l^ln 
dishes on glycerophosphate mannitol solid medium after two weeks at 21®. N, Oj and P.— 
Growth characters of the crown-gall organism, the hairy-root organism, and B. radiobacter, re- 
spectively, in Petri dishes on idyoerophosphate glucose solid medium oontainine brom-t^mol 
blue, after two weeks at 21®. ui N the bacterial growth was pale blue; in P, dark blue. There 
was little growth in O 
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are classified according to the percentage of the strains of bacteria 
derived from them which gave positive results in inoculation tests. 

In the work which has just been reported the hairy-root organism 
was isolated from a much higher percentage of the specimens cul- 
tured than in the earlier work reported by Riker and Keitt {19). In 
this connection the following facts are worthy of note: (1) As their 
investigation was not planned to include a study of hairy root, com- 
paratively few specimens which showed excessive root development 
were included in the material which they studied, w^hereas in the pres- 
ent work on hairy root most of the specimens cliosen for the isolation 
work showed excessive root development; (2) the use of improved 
methods of grafting, since the earlier work was done, has materially 
reduced the percentage of root-grafted trees which develop over- 
growths, with corresponding changes in the percentages of these over- 
growths in relation to cause; and (3) the inoculation technic used in 
the work reported in the present paper is more efficient in identifying 
the hairy-root organism than that used by Riker and Keitt. 

Table 2. — Results of certain studies of the etiology of hairy root and woolly knot” 
on apple, with the specimens classified according to percentage of strains of bac- 
teria derived from them which gave positive results in inoculation tests, 1927-28 


Classes of specimens ^ 


Speei- 

inoiis 

cultured 


AvoraKO i 

cultures | (''iiltures 
per : studied 
si>ec'iinen j 


K cacti oils of cul- 
tures on tomato 
and apple 

Hairy ' Crown 
root 1 gall 


A (100 per coiit)-.- 
n (.W-lOO per cent), 
C (15-50 per cout). 

D (0 per cent) 

E (0 per cent) 


43 

3.8 1 

102 

157 I 

5 

IS , 

5 0 , 

90 

59 ; 

2 

14 

4.1 1 

57 

H : 

0 

8 

5 « 1 

45 

0 ' 

0 

5 

1.0 : 

6 

0 ! 

0 


« The sources of the material studied and the methods used in isolating the cultures and in making the 
inoculations are recorded in the text, rhese determinations are based upon the rc-sults taken from 1,14.H 
inoculations on tomato and 3,101 iiio(;ulations on apple. The details of these studies are omitted because 
of their large volume. These cultures wore secured by making transfers in the usual manner from well- 
isolated colonies in isolation plates, and received no further purification. 

The classes are based on the percentage of strains isolated from each specimen wdiich induced the reac- 
tions typical of either the crown-gall or the hairy-root organism when inoculated into tomato and apple. 
The numbers in parentheses show^ the range of the percentages included in each class. 


The parallel inoculations with Phytomonas tumefaciens consistently 
yielded typical crown gall on apple, tomato, and tobacco. None of 
these plants developed hairy-root symptoms. 

The etiology of hairy root has been further studied by means of 
reisolation and reinoculation experiments. Reisolation from hairy 
root induced by inoculation has been attempted from 40 specimens 
and has been successful in each case. The organisms secured from 
these isolations appeared typical of what was inserted. Thirty-eight 
representative cultures secured in this work from 12 experimentallv 
produced hairy roots were reinoculated into tomato and apple. Cul- 
tures from each of these 12 specimens gave positive results following 
inoculations on apple. 

Inoculation studies were also carried out with a series of crown- 
gall, hairy-root, and Bacillus radiobacter cultures that had been espe- 
cially purified as reported later in this paper (p. 522). A number of 
different strains were inoculated by needle punctures into stems of 
tobacco and tomato. In the field they were inoculated just above 
the ground by needle punctures into the current season^s growth of 
Wealthy apple grafts. These grafts had been planted in soil that had 
been steamed by the method described earlier. Immediately after 
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treatment the places of inoculation were covered to a depth of several 
inches with steamed soil. A summary of the results of these studies, 
together with the origin of the cultures used, is given in Table 3, 
which is discussed Jater (p. 534). 

The limited data now available suggest that the hairy-root organism 
has a rather wide host range. Positive results have been obtained 
thus far from inoculations on the following plants, in addition to 
those already mentioned: Rose (liom setigera Michx.), honeysuckle 
(Lonicera rnorrowi Gray), sugar beet (Beta> indga/ris L., var. crassa 
Alef.), bean (Phatieolus vulgaris L.), ami Paris daisy {Chrysanthemum 
frutescens L.). Further studies of host range are in progress. 

Table 3. — Hesults of puncture inoculations with certain replated cultures of the 
hatry-root and crown-gall organisms and Bacillus radiobacter on tomato, tobacco, 
and apple « 


Cuiluro 


1 Tomato and tobacco 


\pplc 



i 


Result of 

Nurn- 
b( r of 
inocu- 
lations 

Result of 



N urn- 

inoc Illations 

inoculations 

Orgsinisin and sourn^ 

' No 

her of 
inocii- 
lal ioiLs 

Hair> 

root 

Drown 

gall 

Hairy 

root 

Oov n 
rail 

C'rown 




i 




Rose 

'r 1 

18 

0 

'' .5 

20 

0 

0 

.Xlmond 

T 2 

27 

1 

14 

30 

' .*) 

0 

Inccufio <v«un' 

T-a 

27 

0 

23 

r,o 

0 

0 

.\ iiple 

T-4 

18 

0 

18 

1.5 

0 

, 0 

Haspix ir> 

T-.i 

4.'> 

0 

4.5 1 

(0 

0 

7 

Do 


41 

0 

38 

1 

' 2 

21 

Willo^^ - 

r 7 

23 

0 

23 

10 

0 

1 

Peacli 

T-II 

8 

0 

' 8 

10 

0 

0 

RnsyilH rr> 

T~VA 

37 

0 

3t 

10 

0 

10 

Apple 

T-ia 




10 

0 

0 

Peaeli- 

T-17 

2H 

0 

28 

10 

0 

2 

Kaniiurr. 

' T-30 

1 32 

0 

A2 

31 

0 

22 

Do 

'J' :\A 

! ir, 

0 

f‘Q 

30 

0 

0 

Apple 

1 T a.'i 


•i 0 

29 

4.5 

'' 0 

10 

TVaeli 


28 

0 

28 

1 h) 


2 

\\ alnul 

' T-A7 

28 

0 

28 

0.5 

^ 2 

10 

Api>le. 

1 :h> 

18 

0 

18 

10 

0 

0 

Do 

; T 40 

28 

0 

28 

20 

0 

12 

Hairy root, tipj 1. 

r 31 

8 

0 

0 

20 

0 

0 

Do 

! T 1.2 

3.5 

18 , 

> 0 

! 70 

18 

0 

J)o _ - - 

i T~?A 

24 

1) 

0 

.^0 

1 

0 

Do. 

; T 3K 1 

28 

0 

'f 28 

:o 

33 

0 

Do 

1 'r-41 1 

19 

9 

0 

.5.5 

43 

0 

Do . 

1 ^r-42 

-.12 

[ 22 . 

0 

.50 

38 

0 

Do . 

: T-43 

21 

1 13 , 

0 

0.5 

42 

0 

Do . 


27 

17 

0 

•10 

30 

0 

Do.... 

1 T-4F. 

28 

! * 13 

0 : 

4.5 

30 

0 

Do . 

1 T 47 

14 1 

9 

0 1 

20 

8 

0 

I)o_. .. 

1 'r-4S 

23 ; 

4 ' 

0 

20 

13 

0 

Do . . 

1 T-49 

1.5 1 

10 

0 

3.5 

22 

0 

Do . .. 

T-.^.0 

23 ' 

18 

0 ' 

40 

30 

0 

B. radiobacti r, seal i 

IM 

4 ; 

0 

0 

20 

0 

fi 

Do... _ 

R 3 

4 

0 I 

0 ; 

30 

0 

I 0 

Do 

11 7 

4 

0 

0 

10 

0 

i 

Do 

K-0 

4 

0 ' 

0 i 

U) 

0 

I 0 

Do _ 

R-n 

4 

0 . 

0 ! 

2.5 

0 

0 

Do .. . . 

H-l« 

4 

0 

i 

20 

0 

0 

Do 

R-20 

4 

0 

0 1 

10 

0 

0 

Do , . . .. 

R-27 

4 

0 

0 I 

10 

0 

0 

Do - . 

R 29 

4 

0 

0 1 

10 

0 

0 

Do » 

R-31 

4 

0 


10 

0 

0 

Controls, imnc lures only. 


180 

0 

0 I 

2f.O 

0 

0 

1 




® Several subcultures were obtained from each crigioal culture after the four 8ur(’(’ssivc n'platings de- 
scribed in the text. Tlio results from the subcultures are summarized for each original culture and reported 
opposite its number. T-5 was purified by the pingte-eell technic, the results shown being summarized 
for five strains. 

fr It appears that the original cultures, which wore ixisitive for crown gall on tomato, were mixtures of 
the crown gaU ^nd some nonpathogenic organisms. In the process of purification the pathogenic organism 
was recovered m some instances, and the nonpathogenic bacteria in others, 

« In each of thesis cases one of the three (T-2) or four (T-6 and T-37) purified subcultures produced hairy 
root. It appears that the original cultures were mixtures of the hairy-root and crown-gall organisms. 

•^.Suheultures T~3&-1A and T-38-iA appear still to be mixtures of the crown-gall and hairy-root organ- 
hmos. The overgrowths that followed the inoculations were intermediate in characters between those 
typical of ctown gall and hairy root. They are arbitrarily classified according to the characters which 
predominated. 
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SEASONAL DEVELOPMENT 

Preliminary studies have been made on the seasonal development 
of hairy root following ])unetiire inoculations, in comparison with the 
development of crown j>:all and the reaction to control punctures. 
During the spring of 1928, ground that had been used for truck crops 
in which crown gall is seldom if ever found in nature was selected for 
experimental plantings. This ground was prepared in the usual 
manner and them steamed according to the method in common use for 
tobacco beds (7). The steamed beds were then surrounded by 10- 
inch boards on edge to prevent the washing of surface soil. While 
these' precautions elid ne)t exclude the possibility of the presence of 
the e’rown-gall and similar e)rganisms in the expe'rimemtal ground, it 
limited their acce'ss as muedi as might reasemably be expected under 
held conditions. In this steameel soil Wealthy apple grafts were 
planted as subje'cts for the study e)f the elevede)pinemt of hairy root 
and crown gall fe)lle)wing inoculation. A])])re)ximate'ly 200 plants were 
inoculated with each organism by needh' punctures through masses 
of the causal bacteria on the underground i)arts of the scion. When 
the current year’s growth was tall enough inoculations were made 
also just above the ground on this new tissue. In most cases the 
m'edle was passer] entirely through the stem. Soil was promptly 
lieaped about the ])Iaces of inoculation so that they were kept moist 
and under conditions favorable for root develoj)ment. Four hundred 
control plants re<’eived the same treatment, excei)t that no bacteria 
were applied. Atlruilion such as spraying, cultivating, and inugating 
was supplied as rc((uired throughout the growing season. The prog- 
ress of the reaction to the (litferent treatments was observed a])proxi- 
mately twice a month. 

Two weeks after treatment onlv a very slight ditference was appar- 
ent between the reactions induced by the inoculations with the crown- 
gall and hairy-root organisms and those occasioned by the control 
punctures. In all cases slight enlargements had developed, which on 
the control plants appeared to be merely a callus response to the 
needle injury and wdiich on the inoculated plants seemed at this stage 
to be little more than such a response. 

A month after treatment the ditterence between the reactions of 
the inoculated plants and the controls was more marked. On the 
controls the enlargements wwe very little larger than at the end of 
the 2-WTek period, while those of both the hairy-root and crowm-gall 
inoculations were almost twice as large as when last noted. The 
surface character of both of the latter at this time was of the crown- 
gall rather than the callus type. (Fig. 2, B, F, and L.) 

Two months after inoculation a distinct differentiation in the 
responses to the three different treatments was evident. The control 
punctures had corked off in the usual manner, leaving a comparatively 
small development of wound tissue. (Fig. 2, C.) The crown-gall mal- 
formations had continued to enlarge, with the development of typical 
characters of crown gall. (Fig. 2, M.) No roots were observed to 
have developed from the gall proper. In exceptional cases in other 
experiments roots have been observed to push out from bud regions 
near the crown galls. Such root developments were also rarely ob- 
served near the control punctures. The hairy-root overgrow^ths at 
this time were in some cases merely enlargements of previous stages 
(fig. 2, G), while in others they showed the development of root 
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primordia and of roots (fig. 2, H and I). This root development 
occurred earlier upon the stems of the current year’s growth than on 
older wood. It is important to note that up to and including this 
time the results of inoculations with the hairy-root organism on apple 
might readily be confused with those of crown gaU. 

Three months after inoculation the effects of the treatments were 
quite conspicuously differentiable. The control punctures showed 
no change. The crown galls were larger but showed no change in 
external characters. From the hairy-root inoculations, however, the 
roots had grown out in considerable numbers. Many of the early 
roots were fleshy. A mixture of fleshy and fibrous roots was quite 
common in the cases of hairy root stuiiiod. 

Four months after the beginning of the experiment the overgrowths 
which resulted from the inoculations were observed to have enlarged 
without further changes in characters. (Fig. 2, D, J, and N.) Sub- 
sequent examinations showed additional growth of the hairy-root and 
crown-gall enlai^ements until very late in the fall. The white roots 
characteristic of new growth were apparent long after the top was 
frostbitten and at the time when the ground was beginning to freeze. 
These young roots were found to be very susceptible to winter injuiy . 
Harris (4) reports that young growing roots of apple are commonly 
very susceptible to injury from low temperatures. 

The development of overgrowths following inoculations with the 
hairy-root oiganism over a 2-year period has been traced in ordinary 
field soil. (Table 4.) A considerable number of the trees used for 
the inoculations of 1927 (Table 1) were held over and grown a second 
year. In the fall of 1927 the places of inoculation showed abundant 
hairy-root development as previously described. (Fig. 3, A.) The 
winter of 1927-28 provided little or no covering of snow over the 
experimental planting at critical low-temperature periods, and the 
roots from hairy-root inoculations were killed. (Fig. 3, B.) How- 
ever, they grew out again very early in the season of 1928, and by 
fall had matured into well-branched fibrous roots. (Fig. 3, C.) In 
addition to the second-year root development, peculiarly convoluted 
enlargements also appeared at many of the places of inoculation. 
(Fig. 3, C and D.) These were comparatively hard and contained 
deep fissures in which soil particles were frequently found to be 
incorporated. The convolutions often appeared superficially to be 
composed of a mass of rootlike tissue which seemed to grow together 
into a knot instead of growing out into roots. The histology of this 
structure has not been worked out. Macroscopically it is quite 
different from the topical soft gall which follows inoculations with 
Phytomonas tumejadens. While these developments have appeared 
with some regularity at the places of inoculation in the second year, 
more evidence is necessary before they can be attributed without 
reservation to the haify-root organism alone. They have appeared 
in a few cases subsequent to inoculations of the hairy-root organism 
into undeiground parts of slow-growing apple stems. From the over- 
growths thus produced, bacteria were isolated which appeared to be 
typical of those inserted and which induced typical hairy root when 
remoculated into undergroimd parts of succulent apple stems. 
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Table 4, — A comparative record over a 2-year period of the development of hairy 
root and crown gall from inoculations on Wealthy apple nursery trees 


Culture used 


Hairy root, No. 2104. 


Crown gall, No. 2018. 


Controls 


Overgrowths present 


Trees i Inocu- | 
treated Nations “i 

I I 


10 , 54 


10 54 I 

i 

5 30 I 


Bate 

observed 


I Oct. 

<May 
[Oct 
jOrt. 

[May 
lOct. 

!|Oet. 
j]May 

llOct. 31,1928 1 


28. 1927 I 
5,1928 

31. 1928 

28. 1927 I 
5, 1928 I 

31. 1928 ' 
28, 1927 

5, 1928 


Hairy 

root 

! ^ 1 

Crown 
. gall 

Doubt- 

ful 

None 

39 

0 

34 

21 

24 

0 

9 

21 

30 

' 0 , 

0 

24 

0 

9 1 

7 

38 

0 

10 i 

6 

38 

0 

22 1 

0 

t23 

0 

0 

0 

30 

0 

0 1 

0 

30 

0 

0 1 

0 

b24 


•Ilairy-root and crown-gall bacteria, respectively, were inoculated July 7, 1927, by groupj of needle 
punctures into the underground stein parts of first-year apple grafts. 

* One tree died during the cour.se of the second season of growth. 


BACTERIOLOGICAL STUDIES ’ 

Since the crown-gall and hairy-root organisms showed such striking 
differences in the inoculation studies, it seemed desirable to subject 
them to a comparative bacteriological study. Accordingly, 18 of the 
cultures isolated in 1926 from apple and other hosts secured from a 
wide geographic range were rim through the common bacteriological 
examinations. The results of this work showed that the cultures 
under consideration were somewhat variable in their characters and 
failed to show a clear differentiation between the crown-gall and 
hairy-root bacteria. This was entirely in accord with the conclusion 
reached by Smith et al. {25 j p. 158), 

C'^onsideration of the data secured from the cultures used in 1926 
suggested that either (1) the crown-gall species is highly variable or 
(2) the cultures employed were not pure. The colony characters of 
these cultures gave no suggestion of contamination. However, it 
was noticed that, on the media tlien emplo.yed, the colony characters 
of (1) the crown-gall organism, (2) the organism which was later 
found to cause hairy root, (3) Bacillus radiobacter (/, f f , 12), and (4) 
certain mucoid organisms common in the soil were indistinguishable. 
Furthermore, it has been commonly found b^’' various workers, 
following Smith et al. (25), that the crown galls from the field contain 
various organisms in addition to the pathogene and that transfers 
from colonies typical of Phytomouas tumefaciens vary greatly in their 
pathogenicity (17), Each of the organisms just mentioned is of a 
slime-producing type exceedingly difficult to separate in pure culture 
by the ordinary agar-plate method. These and other considerations 
seemed to cast doubt upon the purity of the cultures used in 1926 and 
led to further efforts toward purification. 

In questioning the purity of the cultures used in 1926 the writers 
do not wish to leave out of account the possibilities of variation in the 
progeny of pure cultures of bacteria. However, it seems unwise to 
ascribe variations in cultural characters to variability of the species, 
unless the best available methods for purifying the cultures have been 

» The leadership in the bacteriological studies reported in this paper was carried by W. H. Wright, who 
died very suddenly when the preliminary draft of this work was almost completed. The other writers 
have anished minor phases of toe experimental work and have completed the manuscript as nearly as pos- 
sible according to Frofessor Wright's plan. 
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employed. It appears that the questions which the present writers 
have raised regarding the purity of their own earlier cultures may 
also apply to the cultures of other workers on crown gall who have 
relied upon the simple poured -plate method for purification. Because 
of the questionable purity of the cultures used in 1920, the results of 
the bacteriological studies made upon them are not given in detail. 

The purification of the cultures at hand proved to bo a difficult task. 
An attempt was made in 1927 to secure pure cultures by the isolation 
of single bacterial cells. The method of Wright and McCoy (32) 
was employed. Over 400 individual cells were isolated without 
serious difficulty, but less ‘•than 1 per cent of them grew. Conse- 
quently, this method was given up temporarily in favor of a poured- 
plate method in which special precautions were taktm. 

Each culture to be purified was transferred to a favorable liquid 
medium where it was hoped that the individual cells would grow 
separately rather than in aggregates held together in slime. Growth 
was found to be active in 18 to 20 hours after transfer, before any 
clouding of the medium appeared. Cultures for making dilution 
plates were used at this stage only. Some of the same kind of liquid 
medium in which the organisms were growing was placed in each of 
the series of Petri dishes to be used for different dilutions. The 
dilutions were made in the licpiid medium in the Petri dishes so as to 
avoid the clumping effe<*t sometimes produced by agar. The agar 
medium was then added and the plates were incubated at room tem- 
perature. Only plates which showed less than 50 colonies were used 
for making subcultures. Before the typical colonies were selected 
they were examined under the microscope for evidence of mixture 
of two colonies. Transfers were finally made to agar slants, where 
the growth characters were observed. This procedure was carried 
out three successive times with clear potato-glucose agar, and a 
fourth time with Kellerman^s (8) nitrogen-poor Congo-red agar. 
The absorption of Congo red by all the colonics was not uniform 
after two weeks at 21° C. Notwithstanding this difference, reisola- 
tions were made from the best dilution plates of all strains. Thirty- 
one strains of the (Town-gall and hairy-root organisms and 10 of 
liacillus radiobacter were purified in this way. Data concerning the 
origin and pathogenicity of the purified cultures are summarized in 
Table 3. Because of the difficulty of handling so many cultures for 
bacteriological studies, 18 of these cultures, which had been replated 
four successive times, were selected, as follows: Crown gall T-S-lc, 
T-5-1, T“-5-3, T-6-le, and T-35-la; hairy root, T-32-2a, T"“32-lb, 
T~34~ la, T-37~-lb, T-*38-la, T-41--2b, T~42-la, T-46~lb, T-48-la, 
and T-49“la; and B, radiobacter, R-3, R~ll, and R~16, Cultures 
R-11 and R-16 were originally secured through the courtesv of N. R. 
Smith of the United States Department of Agriculture, I'-S-l and 
T"~5-3 were the progeny of single-cell isolations. 

The 18 cultures selected were compared in respect to morphology, 
colony characters, growth in various media, growth in litmus milk, 
growth on potato, limiting hydrogen-ion concentration for growth, 
absorption of dyes, rate of growth, nitrate reduction, fermentation of 
carbohydrates and related substances, and serological properties. 

The cultures used for seeding the media in the various experiments 
were grown on clear potato-glucose agar slants for three or four days 
at room temperature. Equal quantities of suspensions, as uniform 
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as feasible, were always used in seeding the different series of culture 
media. liach strain of bacteria was run in duplicate in all of the 
experiments. All experiments, except the (‘honiical analyses of the 
carbohydrate and alcohol fermentations, were repeated at least 
three times. 

Long incubation pc^riods were used in most of the experiments so 
that late changes would not be so likely to escape observation. This 
was done because preliminary experiments showed that the common 
periods of four to seven days were insullicient to bring out some of the 
important distinctive characters, especially those in litmus milk. 
All cultures were grown at room temperature unless otherwise noted. 

The methods employed in making tlu^ different determinations, 
unless otherwise indicated, were those described in the Manual of 
Methods of the Society of American Bacteriologists {26). 

MORPHOLOGY 

The three organisms under consideration are typically small rods. 
Measurements made under standard conditions with a filar microm- 
eter on organisms from 4S-hour-old cultures on nutrient agar in smears 
stained with carbol fuchsin have given these figures: Crown-gall 
organism, ().75-2.25/x by 0.30-1. 05//, with an average of 1 .43 by 0.(30/i; 
hairy-root organism, 0.55 -2.59/i by 0.1 5-0. 75m, with an average of 
1.44 by 0.43m; Bacillus radiobacter, 0.30-2. 25m by 0.1 5-0. 75m, with 
an average of 1.12 by 0.49m* No particular significance is attached 
to the differences in the measurements of these organisms. 

Examinations made of water mounts from 2-weeks-old (‘ultures 
and by the use of Moller’s method have both failed to reveal spores. 
In addition old cultures have been treated by heating for 10 minutes 
at 85° C.j after which transfers to both nutrient broth and potato- 
glucose agar slants showed no growth. Spores have never been 
found in any of the cultures. 

(^apsules have been demonstrated on the crown-gall and hairy-root 
bacteria and on Bacillus radiobacter with Gins’s method {3). Abun- 
dant slime was found in cultures of these organisms and some difficulty 
was experienced before definite capsules were demonstrated. 

With both Loefller’s and Casares-Gil’s methods, each Bacillus 
radiobacter and each hairy-root organism was shown to bear a single 
polar flagellum. Phytomonas tumejaciens has yielded variable results 
with respect to the staining of flagella. Strains T-3-lc and T-fi-le, 
which were not of single-cell origin, had single polar flagella. How^- 
ever, repeated trials failed to demonstrate flagella on strains T-5-1 
and T~5-3, which were progenies of single-cell isolations. None of 
the crown-gall organisms were found to be definitely motile in hanging- 
drop cultures, llowever, the hairy-root organisms were distinctly 
motile in hanging-drop cultures and B. radiobacter was actively motile. 

Staining reactions showed all the cultures of crown gall, hairy root, 
and BacilTus radiobacter to be Gram-negative and not to be acid-fast. 

COLONY CHARACTERS 

All of the cultures were grown in meat-extract peptone broth, agar, 
and gelatin. Although they grew well in these media, there was very 
little difference in the appearance of the colonies or streaks of the three 
organisms. Clear potato agar containing 1 per cent of glucose gave 
excellent growth but did not differentiate them. The cultural 

J7618-4K) 2 
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characters of colonies of each of the three organisms on this medium 
at 21° C. for seven days were as follows: 

Surface type: Growth, rapid; form, circular (the size varied from 2 to 6 mm.); 
surface, smooth, shining; elevation, convex; edge, smooth, entire; internal 
structure, finely granular; optical characters, opaque to translucent, in some 
cases almost white. 

Deep type: Form, mostly lenticular; internal structure, dense, nearly amor- 
phous. 

Bacillus radiohacter grew even more rapidly at first than either 
the crown-gall or the hairy-root strain. The colonies of B. radio- 
hacter were often larger, nearly capitate, and more translucent. 
However, colonies of this organism were often convex, nearly white, 
and indistinguishable from colonies of the crown-gall organism. 

GROWTH IN VARIOUS CULTURE MEDIA 

In ordinary liquid media, such as plain and sugar broths, the growth 
characters of the three organisms were very similar. After 10 a ays or 
two weeks at 21° C. growth was shown by the formation of a heavy 
pellicle and a precipitate. This was more characteristic of the crown- 
gall and Bacillus radiohacter strains than of the hairy-root strains. 
The last named had a tendency to form less pellicle and sediment, 
with a more uniform clouding of the liquid. This difference was not 
well enough marked in these media to be of definite differential va^e. 

Many synthetic media were tried with the anticipation that better 
cultural differentiation would be secured. One of the best for this 
work was a glycerophosphate medium devised by Lepierre {10) and 
used for a comparative study of several species of soil bacteria by 
Stapp and Ruschmann {27). This medium, with others, was altered 
in various ways to be used in both liquid and solid forms. The agar 
used in the solid media? was washed in several changes of distilled 
water until the water-agar mixture showed no bacterial growth after 
standing in the 37° C, incubator for several days. 

A peptone-salt medium was also found to be very satisfactory for 
growth of all the strains. Nine modifications of these two kinds of 
media, made according to the following formulas, were employed. 

Medium I. — Glycerophosphate medium (Stapp and Ruschmann, ^7) : Mannitol 
20.0 gm.; potassium nitrate (KNOg), 5.0 gm.; sotlium chloride (pJaCl), 3.8 gm.; 
potassium chloride (KCl), 0.1 gm.; magnesium chloride (MgCIg.fiHgO), 1.0 gm.; 
magnesium sulphate (MgS(J4.7H20), 0.6 gm.; calcium glycerophosphate, 

Ca(C 3 H 5 ( 0 H) 2 .HP 04 ) 2 , 0.8 gm.; and distilled water, 1,000 c. c. 

Medium II. — Same as Medium I, except that sodium glycerophosphate re- 
placed calcium glyceropliosphate. 

Medium III. — Same as Medium I, except that potassium nitrate was omitted. 

Medium IV. — Same as Medium II, except that potassium nitrate was omitted. 

Medium V. — Same as Medium 1, except that glucose was substituted for 
mannitol. 

Medium VI. — Same as Medium I, except that no carbohydrate was used. 

Medium VII. — Peptonfe-salt medium: Xylose, 6.0 gm.; magnesium sulphate 
(MgS 04 . 7 H 20 ), 0.20 gm.; sodium chloride (NaCl), 0.2 gm.; calcium sulphate 
(CaSOi), 0.1 gm.; dipotassium phosphate (K2HPO4), 0.2 gm.; peptone, 5.0 
gm.; and distilled water, 1,000 c. c. 

Medium VIII. — Same as Medium VII, except that glucose was substituted for 
xylose. 

Medium IX. — Same as Medium VII, except that no carbohydrate was used. 

All of the crown-gall, hairy-root, and Bacillus radiohacter strains 
were grown in the nine liquid media for 21 days at 21° C. Duplicate 
containing 10 c. c. of medium seeded with miiform suspen- 
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sions of the bacteria from cultures which had been grown on potato- 
glucose agar slants for two days at 21°. At the end of the incubation 
period each pair of duplicates was compared with a sterile control 
tube in respect to the following characters: Reaction (pH and total 
titratable acid), growth, pellicle, veil, and sediment. The summarized 
cultural characters of the three groups of cultures in four of these media 
are given in Table 5. 

The most important differences between the three types of cultures 
(Table 5) are amount and type of growth in Media I, 11, V, and VII. 
The 10 hairy-root strains were able to grow very little, if any, in the 
different glycerophosphate media. The crown-gall and Bacillus 
radiobacter strains made abundant growth in these media when potas- 
sium nitrate was present, but did not grow in Media 111 and IV, from 
which nitrogen was absent. They were likewise unable to grow when 
carbohydrates were omitted from Media V and VJ. Neither the crown- 
gall nor B. radiobacter strains when grown in the glycerophosphate 
media showed significant change in pH values or titratable acidity. 


Table 5. — Development of the erown^gall and hairy-root organisms and Bacillus 
radiobacter m glyceropkosphalc and peptone-salt hquid vulture media^ after 21 
days at 21° C. 



- *- - — 

‘ 

- 









Pep- 






tone- 



Glycerophosphate media « 

salt 






medi- 






um ® 

Culture groups 

Cultural characters 






1 1 

1 

1 ” 

V 

VII 



i VhCCzIU 

Naf’sHs 

Ca((:HI» 

With 



1(011)2 HP<)4)2 (0H)2.HP()4 

(0H)2.HP04)2 

xylose 



1 w ith mannitol 

' w ith mannitol 

with glucose 



[Control, plT 

1 7 0 

1 

1 7.0 

0.4 

0 4 


Cultiws, pH 

1 7 4 

I 7.4 

7.2 

0.3 


(^ontrol, total acid 

.Of) 

' .05 


.3 

Crown gall, 5 strains^ .. . 

(^ulturcs, total acid 

. or» 

1 . 05 


.35 


ulrowth « 

4 + 

4-4- 

4-4 

4-4-4- 


Pellicle « 

4-4- 

i 4-++ 

4-4- 

4-4- 


Veil « 

4“ 

1 4- 

-f- 

4-4- 


Sediment e 

H — h 

' 4* 

4- 

4-4- 


(Control, i)H 

7. 0 

1 7.0 

fi.4 

6.4 


Cultures, pH 

6.H 

7.0 

0.4 

4.2 


Control, total acid 

. Of) 

1 .05 


.3 

Hairy root, 10 strains 

Cultun*s, tiital acid 

.05 

1 .05 


.02 


Ulrovith « 

0 

0 

0 

-f-HH 


Pellicle «... 

0 ' 

0 

0 

-f 


Veil 

0 

0 

0 

0 


Sediment « 

0 

0 

0 

4- 


(Control, pH 

7.0 

7.0 

0 4 

6.4 


Cultim's, pH 

7.0 

7.0 

7 4 

6.4 


('Joritrol, total acid 

.0.') 

.05 

, 

.3 

B. radiobacter, 3 strains.. 

Cultun‘s, total acid 

.05 

.05 


.4 


Growth 

++4- 

4-4-4- 

4-++ 

4-4-4- 


Pellich ‘ 

4-+4- 

4-4-4- 

4-4- 

4-4-4- 


Veil « 

+ 

-4 

4- 

-f- 


Sediment « 

++4- 

4-4- 

4- 

4-4-4- 


* Homan numorals rofer to media deserilHJd under the same designations In the text. 

^ The total acid is given in cubic ccmtimctcre of N/10 NaOli necessary to make 10 c. c. of medium neutral 
to phcnolphthalein. 

• The amount of development is indicated as follows: 0, None, +» trace; ++, moderate; -f ++» 
abundant. 

The growth of the three groups of organisms in the peptone-salt 
medium (VII) showed definite differences in amount ^d typo. The 
abundant growth of the crown-gall organism and BacUltbs radiobacter, 
with a pefiicle, veil, and sediment, was in marked contrast to the 
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growth of the hairy-root strains, which was moderate and generally 
with little or no pellicle, veil, or sediment. (Fig. 4, H, I, and J.) 
No acid formation in the peptone-salt medium was caused by the 
crown-gall organism or B. radwhacter, even when glucose was present. 
In these cultures ammonia formation occurred and the reaction be- 
came slightly more alkaline. The hairy-root cultures, on the other 
hand, although showing less growth, and that of a different kind, 
(caused a pronounced drop in the pH of the medium when glucose was 
present, even though some ammonia was produced. The responses 
of the three organisms in Medium VIII were similar to those in Me- 
dium VI r. In Medium IX the hairy-root bacteria made slightly less 
growth than either the crown-gall organism or B. radiohacter. 

The failure of the hairy-root strains to grow well on liquid glycero- 
phosphate media was further tested with the same media containing 
agar. The liquid media were converted to solid by using 15 gm. of 
washed agar per liter. The agar was washed in many changes of 
water during two days at 37° C. The glycerophosphate agar was 
used with mannitol and with glucose. Streak cultures of each of the 
strains of the crown-gall and hairy-root organisms and Bacillus radio- 
bacter were made upon the glycerophosphate agar containing mannitol 
and glucose. The cultures were groi^m as streaks in Petri dishes for 
21 days at 21°. The differences shown by the three groups of organ- 
isms in the liquid media were even more conspicuous in the agar plate 
cultures. The crown-gall and B. radiohacter cultures grew well upon 
calcium glycerophosphate agar with mannitol, while the hairy-root 
strains were almost completely inhibited. (Fig. 4, K, L, and M.) 
The growth of the strains of B. radiohacter was usually heavier, raised, 
and more slimy than the growth of the crown-gall cultures. It was 
also usually surrounded by a halo of deep-brown pigment and an 
outer zone of a white precipitate. Streak cultures on calcium glycero- 
phosphate agar, containing glucose and brom-thymol blue, brought 
out the same differences between the hairy-root strains and the others. 
(Fig. 4, N, O, and P.) The growth of the crown-gall and B. radio- 
bacter cultures was not as abundant as with mannitol in the medium. 
The hairy -root strains were practically, inhibited. The absorption of 
the dye by strains of B, radiohacter was greater than by those of crown 
gall. After about 10 days or 2 weeks a well-defined blue halo around 
the streaks clearly indicated an alkaline reaction. 

GROWTH IN LITMUS MILK 

Litmus-milk cultures of all of the strains were run in duplicate four 
times. Ill each instance the cultures were examined three times at 
intervals of one week. Variation in the growth characteristics of the 
crown-gall organism, when grown in litmus milk, has been reported 
by so many investigators that special care was taken to keep condi- 
tions constant. 

Fresh skim milk containing 0.06 per cent of soluble litmus per 
liter was used for preparing the medium. Transfers were made with 
comparable suspensions of the bacterial growth from 48-hour-old 
agar plants, and the milk cultures were incubated at 28° C. The 
repeated trials with the three groups of organisms gave constant 
results. 

The growth of all three groups of cultures was practically identical 
during the first week. The serum zone'described by Lohnis and Han- 
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sen (1^) as characteristic of Bacillus radiobacter cultures was pro- 
duced also by the crown-gall and hairy-root organisms. Accom- 
panied by pellicle formation it began to develop in all of the cultures 
in three or four days. After one week the serum zone was well- 
developed and varied from 3 to 6 mm. in depth. The color of the 
milk below the serum zone showed little alteration until near the end 
of the first week. At this time the litmus began to show a change of 
color and after two more weeks it appeared to be somewhat reduced. 
The crown-gall and the B. radiobacter cultures began to change 
toward an alkaline reaction while the hairy-root cultures were becom- 
ing acid. 

After three weeks there was a well-developed difference between 
the crown-gall and the Bacillus radiobacter cultures on the one hand 
and the hairy-root cultures on the other. The serum zone continued 
to deepen in the case of the crown-gall and the B. radiobacter cultures, 
while it had a tendency to become .shallower or to disappear altogether 
in the case of the hairy-root cultures. (Fig. 4, E, F, and G.) 

A careful check of the cultures with brom-thymol blue, at the end 
of three weeks^ growth, showed the (‘rown-gall and the Bacillvs 
radiobacter cultures to be decidedly alkaline and the hairy-root cul- 
tures (pjite acid. This decided difference in the growth of crown- 
gall and hairy-root organisms appears to be characteristic of them. 
vSmith et al. (^5) state in regard to the crown-gall organism, ‘‘Litmus 
milk is blued (never reddened) and the litmus is frecpiently reduced. ” 
In the present work this was found to be a consistent character of 
carefully purified crown-gall and B, radiobacter cultures. Pure cultures 
of the hairy-root organism, on the other hand, have always produced 
an acid reaction. 

GROWTH ON POTATO 

Growth of the three types of organisms on plain potato plugs, 
although not as characteristic as in litmus milk, showed that the 
hairy-root cultures grow differently from the crown-gall cultures. 
Bacillus radiobacter and the crown-gall organism showed a tenden(*y 
to grow in a raised slimy mass along the needle track and between 
the sides of the tube and the potato piece. This w^as more char- 
acteristic of the B. radiobacter tiian of the crown-gall cultures. Brown- 
ing of potato typical of B. radiobacter observed also in the crown- 
gall cultures. Sonui of the B, radiobacter cultures seemed to cause 
more of this type of change than others. 

Growth of the hairy-root strains on potato was watery, moderate 
to scant, and almost transparent. There was not the piling up or 
accumulation of a mass of growth such as was produced by the other 
types. 

All these groups of organisms grew abundantly in the water under 
the potato plugs. The crown-gall organism and Bacillus radiobacter 
formed much more of a pellicle and precipitate in the water under the 
potato plugs than did the hairy-:root organism. 

LIMITING HYDROGEN-ION CONCENTRATION FOR GROWTH 


V ^ ^ 

The effect of hydrogen-ion concentration on growth was studied 
by varying the reaction of the following medium (31): Glucose, 5.0 
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phosphate (K2HPO4), 0.2 gm.; 10 per cent yeast infusion, 100 c. c.; 
distilled water, 900 c. c. This medium was prepared in quantities of 
several liters at a time and then divided into smaller quantities for 
each pH value to be used. Each lot of culture media was sterilized 
at pH 7.0 and then adjusted to the pH value desired by the addition 
of rJ/20 hydrochloric acid under aseptic conditions. The quantity 
of hydrochloric acid to bo added to each lot of medium was first de- 
termined for a 100 c. c. sample of the same medium. After addition 
of the required quantity of acid each lot of culture solution was tubed 
under aseptic conditions. All of the various strains of the three 
groups of organisms were grown in duplicate in the culture solutions 
of each pH value. The technic of seeding those cultures was stand- 
ardized by making water suspensions of the various strains, using or- 
ganisms from 2-day-old cultures on potato-glucose agar slants. After 
thorough shaking 0.2 c. c. portions of these suspensions were used for 
seeding the cultures. At the time of transfer a careful potentiomet- 
ric check of the pH value of each lot of culture media was made. The 
cultures were first grown in solutions decreasing from pH 7.0 to pH 

4.0 in steps of 0.5 pH. In these solutions growth of all strains was 
abundant down to pH 5.0, and decreased somewhat but was still 
well marked at pH 4.5. A second series of cultures was prepared in 
the same manner as the first except that they were adjusted to the 
following reactions: pH 4.6, 4.4, 4.2, 4.0, 3.8, and 3.6. The final re- 
action was checked potentiomctrically in each case, as before. Final 
results as to growth were recorded after two weeks at 21^ C. The 
critical reaction (pH) for all three groups of organisms was between 
pH 4.4 and 4.0. The crown-gall and Bacillua radiobaeter (uiltures 
showed a greater tendency to stop growth abruptly at pH 4.4, while 
five strains of the hairy-root oi^anisms persisted in growing some- 
what at pH 4,0. It was evident that there was not a great difference 
in the ability of the three groups of organisms to tolerate acid. The 
critical hydrogen-ion concentration was about pH 4.3. 

ABSORPTION OF DYES 

The absorption of Congo red by Phytomonas tumejaciens was 
observed by Kellerman (8) and later confinned by Smith {24). In 
an earlier part of this paper reference was made to the use of Congo- 
red media in replating the cultures used in tliis work. 

Yeast-infusion mannitol agar, to which was added an aqueous 
solution of Congo red to make a final concentration of 1 gram to 

40.000 c. c., was used for the absorption tests. The various strains 
of the three groups of organisms were studied as ordinary colonies in 
loop dilution plates and as giant colonies in plate cultures. The 
dilution plates and giant colonies were made from suspensions of the 
organisms which had grown for three days on yeast-infusion mannitol- 
agar slants. The plates were incubated, under favorable moisture 
conditions, for 14 days at 21° C. The same differences were again 
observed as when the cultures were plated for purification. In gen- 
eral the three groups of organisms absorbed the dye in the following 
manner: Crown gall, strong; hairy root, moderate; and Bacillus 
radiobaeter^ none or a trace. As judged by intensity of coloring, the 
most absorption occurred in the crown-gall colonies from single-cell 
cultures. At first the colonies showed deep pink to red centers, 
but after two weeks, when the giant colonies had reached a maximum 
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size of approximately 20 mm., the coloring was uneven. In some 
cases concentric rings of color and in others radial sectors of deep 
red were plainly visible. 

Absorption of Congo red by the smaller colonies in the loop dilution 
plates was not always distributed evenly throughout. Some showed 
intense red or pink centers while others were more uniformly colored. 
The subsurface colonies usually exhibited more pronounced shades, 
often an intense red. 

Both giant and dilution-plate colonies of the hairy-root organisms 
showed much loss tendency to absorb the dye. In some cases an 
accumulation of dye could be noticed in the central portions of the 
surface colonies, and deep colonies were often distinctly pink. The 
red color observed in the crown-gall colonies was not seen, although 
some of the pinkest of the hairy-root cultures were nearly as deep as 
the most lightly colored of the crown-gall cultures. In both cases 
the differences wore most definite at the <md of tw^o weeks. 

The three Bacillus radiobacter strains used for comparison absorbed 
very little dye during two wrecks. The colonics remained translucent 
and slimy, the pink of the agar showing through them. ‘ Some of the 
deep colonies showed a more definite pink color, but none of them 
were distinctly red. 

Brom-thymol blue, crystal violet, basic fuchsin, and methylene blue 
were not absorbed as selectively as was Congo red. With the excep- 
tion of brom-thymol blue, the crown-gall cultures showed the strong- 
est absorption of these dyes. When the culture medium contained 
glucose, and after the reaction became acid from fermentation of the 
carbohydrate in lightly buffered media, brom-thymol blue was quite 
strongly absorbed by the hairy-root strains. Variation of the reac- 
tion did not appear to affect the absorption of Congo red by the 
crowm-gall organisms. 

RATE OF GROWrH 

Lbhnis and Hansen (12) have reported that Bacillus radiobacter 
is a much faster growing organism than many of the nodule bacteria 
of leguminous plants. The similarity of the growth of the crown- 
gall and hairy-root organisms and B. radiobacter on favorable solid 
media suggested a comparison of the rate of colony growth of the 
three organisms. 

The rate of grow^th of giant colonies of all the strains in each of 
the three groups was determined by measurement at regular intervals 
for two weeks. Yeast-mfusion mannitol agar w^as used for growing 
the cultures, at 21® C. The final sizes and rates of growth of all 
three groups of organisms were very similar. The average diameters 
of these colonies were as follows: Crown gall, 18 mm.; hairy root, 
20 mm.; and Bacillus radiobacter ^ 22 mm. The bacteria of crown 
gall and hairy root arc of the rapid-growing type like B, radiobacter. 
The B. radiobacter colonies were often more raised (convex or capitate) 
than those of crown gall or hairy root, but in other respects very similar. 

NITRATE REDUCTION 

In the peptone-salt medium containing potassium nitrate and in 
the other media with nitrate, the crown-gall and hairy-root organisms 
did not reduce the nitrate. In the Bacillus radiobacter cultures, on the 
other hand, the nitrate completely disappeared. In this respect 
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B, radiobacter appears to be different from the crown-gall and hairy- 
root organisms. 

In the peptone-salt medium and in other peptone-containing media, 
the organisms of all three groups produced ammonia. The ammonia 
was evidently formed from the peptone, for when peptone-free media 
were seeded with the organisms no ammonia formation took place. 

FERMENTATION OF SUGARS AND RELATED SUBSTANCES 

The amount of carbohydrates fermented by different organisms 
has been measured in various ways. The most common method has 
been to measure the acid and gas produced in the fermentation. 
None of the organisms studied has been found to produce gas. Further- 



FuiijRE 6.-— Diagram showing tho action of Phytomonas tumefacten$, the hairy-root organism, and 
Bacillus radiobacter on various carbohydrates as determined by hydrogen-ion concentration, 
(^lianges in titralable acidity, and the percentage of total .sugar fermented, as measured by 
(luantitativo sugar analyses For each sugar fermented the hydrogon-ion concentration of the 
control is indicated by the continuous line through all three columns. The data on change in 
titratable acidity and on the percentage of sugar fermented are based, in each case, on the control 
as zero. The dilfcrent sugars were suiijected to the action of the bacteria in the peptone-salt lujuid 
medium for three weeks at 21® C, 


more, quantitative sugar determinations give a more satisfactory 
record of the amount of sugar fermented than can be had from records 
of gas formation and acicUty, Consequently, in the present work it 
was decided to measure not only the changes in pH and titratable 
acidity, but also the quantitative changes in the amounts of reducing 
sugars present in the culture media. 

The basal medium chosen for the studies on the fermentation of 
different carbohydrates was Medium VII, without xylose, which has 
been described. This medium was selected because it was favorable 
for the growth of all the strains of crown gall, hairy root, and BacilluH 
radiobacter employed. Five liters of tins basal medium was made 
up to double strength. This was measured in 225 c. c. portions, placed 
in flasks, and autoclaved at a pressure of 15 pounds for one hour, 
■The various carbohydrates employed were made up to 1 per cent 
strength in 225 c. c. portions of distilled water and autoclaved in the 
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^sallle way. A flask containing 1 per cent carbohydrate solution was 
flarned and poured into a Jlask of the sterile double-strength basal 
medium. This mixture, containing the correct concentration of the 
basal medium and 0.5 per cent carbohydrate, was then transferred 
aseptically, in 10 c. c. portions, into sterilized test tubes. The media 
were incubated for a week to test sterility. The tubes containing 
10 c. c. portions of the medium were seeded, respectively, in duplicate 
wdth the 18 strains of bacteria under study. Four tubes remained 
without seeding and were used as controls. The cultures were 
incubated at 21° C. for a period of 21 days before the carbohydrate 
fermentation was measured. 

The fermentation of the carbohydrates was measured (1) by 
change in titratable acidity, (2) by change in pH, and (3) by quanti- 
tative determinations of the sugar in the cultures by the method 
described by Stiles, Peterson, and Fred { 28 ), A list of the carbohy- 
drates employed and a summary of the results of carbohydrate 
fermentation appear in Table b. The action on reducing sugars is 
shown in Figure 5. 

Table iS.—AcAiim of the crown-gall and hairy-root organisms and Bacillus radio- 
hacter on different carbohydrates, as shown by quantitative determinations of 
reducing sugars, by changes in hydrogen-ion concentration, and by changes in 
titratable acidity 
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'' In each case the inctrease (+) oi deciense (— ) in acidity in comparison with the control tube's is recorded 
111 c. c. N/10 sodium hydroMde*. Each tube contained 10 c c of ineduini and pheuolphthalem was used as 
the indicator, 

< Kepetition of this determination gave similar results. The low pll reading suggests that the growth of 
the organism watS inhibited befoie much sugar was fermented. 

The change in hydrogen-ion concentration is shown by giving the 
pH value of the control sample and the pH value of the culture after 
meubation. In the upp(?r section of Figure 5 the continuous line 
across the three columns given for each sugar indicates the pH value 
of the control sample, while the variation from this line indicates the 
pH value after seeding and incubation. For exknple, the pH value 
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for the galactose control sample was 6.4, while the pH value of the 
medium after fermentation by the crown-gall organism was 6.5; by 
the hairy-root organism, 4.6; and by BacUlus radiobacter, 6.2. The 
change m titratable acidity was obtained by finding the difference 
between the quantity of N/10 NaOH necessary to neutralize to 
phenolphthalein ihe cultures and the controls after incubation for a 
period of 21 days. 

An examination of the results from the fermentation studies shows 
several things. (1) Where sugar fermentation was determined 
quantitatively, crown gall and Bacillus radiohacier fermented approxi- 
mately the same or a greater percentage of sugar than the hairy-root 
organism, except where lactose was used as a source of carbon. In 
this case the hairy-root organism fermented more of the sugar than 
either of the other two organisms. (2) Crown gall and B, radiohacier 
fermented the carbohydrates with but very little change in pH, 
while the hairy-root organism fermented arabinose, xylose, rhamnose, 
glucose, galactose, mannose, lactose, salicin, and erythritol with 
distinct decrease in pH. With these last-named carbohydrates the 
hairy-root organisms 0 (icasioned more change in titratable acidity 
than did either the crown-gall organisms or B. radiohacier. So far 
as the results of this study show, the crown-gall organism and B, 
radiohacier appear not to be differentiated from each other by means 
of their ability to ferment carbohydrates. Both produce fermenta- 
tion with but little or no change in pH or titratable acidity. Whether 
these organisms are producing a neutral end product or enough 
ammonia from the peptone largely to neutralize any acid from the 
carbohydrates or are removing important ions from the medium 
remains to be determined. The hairy-root organism differs from the 
crown-gall organism and B, radiohacier in its ability to produce a 
decidedly acid condition in connection with the fermentation of cer- 
tain carbohydrates. 

Tests of the various strains with respect to hydrolysis of starch 
were made by growing streak cultures of the organisms on the basal 
medium for carbohydrate-fermentation studies plus soluble starch 
and agar. None of the cultures showed any diastatic action after 
21 days at 21° C., when they were flooded with iodine solution. 
Eckford’s method also gave negative results. 

AGGLUTINATION TESTS 

Agglutination tests were made of 5 strains of crown-gall bacteria, 
2 of which were of single-cell origin; 11 strains of the hairy-root 
organisms; and 3 strains of Bacillus radiohacier. The rapid method 
described by Noble {15) and modified by Huddleson and Carlson 
{6) was used. 

Cultures of the organisms for immunization of animals and for 
antigens were grown oh neutral clear potato agar without glucose 
for four days. Rabbits were immunized with suspensions of these 
organisms in 0.85 per cent NaCl solution. The suspensions were 
made by washing the bacterial growth free from the agar, shaking, 
filtering through glass wool, and standardizing to a turbidity whiem 
would conceal a 2-mm. loop made from No. 26 B. & S. gauge wire 
at a depth of 12 mm. 

Rabbits were injected intraperitoneally with the suspensions at 
intervals of four or five days until four injections had been used. 
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The amounts of injections were, respectively, 0.5, 1.0, 3.0, and 5.0 c. c. 
A week after the last injection each rabbit was bled from an ear vein. 
Since the test of the titer was sufficiently high in each case, the 
animal was bled from the ear until sufficient blood was secured for 
the agglutination tests. After coagulation of the blood in the ice 
box the serum was removed and preserved for the agglutination 
tests. 

The heavy antigen was prepared in the same manner as the sus- 
pensions used for inoculation of the animals, except that the bacteria 
were suspended in 12 per cent sodium chloride, and phenol was added 
until the mixture contained 0.5 per cent. The heavy suspensions 
were made up to a turbidity which at a depth of 8 mm. concealed 
the 2-mm. loop made from No. 26 B. & S. gage wire. 

Dilutions of antisera, 1 : 50, 1 : 100, 1 : 200, 1 : 500, 1 : 1,000, and 1 : 2,000, 
were used in preliminary trials. Agglutinations vdih homologous 
sera showed a titer of 1 : 2,000 in practically every case. The final 
agglutinations were run by making dilutions of 1:500, 1:1,000, and 
1:2,000 with a calibrated capillary pipette. The results are sum- 
marized in Table 7. 

One of the hairy-root cultures was omitted from the serological 
tests because it had failed to make satisfactory growth when the 
antigens were prepared. 

Each of the 19 strains of the three groups of organisms employed 
was agglutinated by the antiserum from its own group but not that 
from any other group except in the case of two strains of the crown- 
gall bacteria, one of the hairy-root organism, and one of Bacillus 
radiobacier. None of these four aberrant strains vras of single-cell 
origin. Of the two aberrant strains of the crown-gall organism one 
gave no agglutination with any of the sera, and the other cross 
agglutinated completely with the hairy-root organism and with 
neither the crown-gall organism nor B. radiobacier. In various 
tests this latter strain appeared to be a mixture of the crown-gall 
and hairy-root organisms, as explained in the footnote to Table 7. 
The one aberrant strain each of the hairy-root organism and B, 
radiobacier gave no agglutination with any of the antisera. 

Table 7. — liesuUs of agglutination tests with cultures of the crown-gall and hairy- 
root organisms and Bacillus radiobacier 
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• In these tests and also in litmus milk, glycerophosphate media, and in the fermentation of xylose, 
rhamnose, galactose, mannose, lactose, and salicin. the behavior of this culture indicates a mixture of the 
crown-gall and hairy-root organisms. 
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STUUIKS ON THE PROGENY OF SINGLE CELLS 

examination of the results secured with the cultures purified 
by four successive replatings (Table 3) shows that some of the original 
cultures were mixed. It also appears that even after the unusual 
precautions taken to purify these cultures by the poured-plate 
method, 2 of the 15 crown-gall and hairy-root strains (T-35-la and 
T-3S-la) employed for bacteriological studies were mixed cultures. 
In the bacteriological studies and the inoculation work, the responses 
of each of these strains were in part typical of the crown-gall organ- 
ism and in part typical of the hairy-root organism. For some time 
it was considered that both of these strains might be pure cultures 
which varied from the usual type and were perhaps intermediate 
between the typical crown-gall and hairy-root organisms, as they 
showed mixed characters. In order to gain further evidence on this 
point, single-cell cultures were isolated, according to the methods of 
Wright and McCoy {3^) and Wright and Nakajima {S3) from strain 
T-38 -1 a and subjected to bacteriological studies and inoculation tests. 
The characters of this strain were somewhat less clearlv those that 
might be expected from a mixed culture of the crown-gall and hairy- 
root organisms than were those of strain T-35-la. As time was not 
available to analyze both strains, T-38-la was chosen as seemingly 
the more perplejdng one. Four single-cell cultures were isolated. 
One of these consistently snowed the typical characters of the crown- 
gall organism, while all the others consistently showed the typical 
characters ()f the hairy-root organism. A more detailed account of 
this work is reported by Wright, Hendrickson, and Riker {34). 

Even when the single-cell technic is used, certain questions may 
be raised concerning the quality and purity of the cultures. 

(1 ) When only an occasional isolated cell would grow, as was the 
case in the earlier stagtw of development of the technic, it was (pies- 
tionable whether the few cells that grew were satisfactorily rep- 
resentative of the large majority that did nut. The improvement 
of the technic to the point where the majority of the isolated cells 
grow appears to miniinize any element of doubt that these cells 
may be regarded as satisfactory randpm samples of the population 
from which they arc taken. 

(2) The possibility that an unrecognized or ultramicroscopic stage 
of another microorganism might be carried along with the single 
colls deserves consideration. However, this possibility was greatly 
reduced by selecting the single cells from media at a time when growth 
conditions were most favorable for the development of tlie usual 
vegetative forms. 

(3) Attention should also be given the further possibility that some 
ultramicroscopic form of life might be transferred along with the 
single colls. All bacterial cultures are subject to this question, and 
it appears that they jhust continue to be unless biological science 
develops methods that will completely insure the detection of any 
living thing which may exist as a contaminant. In view of the lack 
of such techmc at present, it seems desirable to seek to applv the best 
available methods to the purification of cultures and to evaluate the 
probability, of their purity as critically as possible. 
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Ai)art from the technie of isolation, the 1)est available criterion of 
tlie purity of single-ceJl cultures appears to be their behavior. If this 
is erratic, it nunains questionable whether the variability results 
from genetic* plasticity of the strain or from impurity of the culture. 
If, on the other hand, there is unusual consistency in the behavior of 
the strain throughout a sufliciently exacting morjihological and pliysio- 
logical study, the chances of contamination or admixture apjiear to 
be mininiized. Under the conditions thus far employed, the single- 
cell strains studied have shown a striking consistency in behavior. 
It remains for further work to reveal their behavior under diverse 
conditions. This t(H*hmc seems to offer a satisfactory basis upon 
which to study variability of the organisms under investigation. 
In view of the ('xtreme difficulty exjierienced in consistently separating 
the crown-gall and hairy-root organisms from each othtT and from 
various similar bacteria, it would appear that any report of variability 
within this grou}) of organisms which is not based upon single-cell 
isolations is oj)en to (juestion. The work on the present writers' 
cidturc^s with the single-cell technic has been reported by Wright, 
Hendrickson, and liiker {34). Eight strains of single-cell origin 
from the crown-gall organism and nine of like origin from the hairy- 
root organism were studied. No single-(‘ell strain showed mixed 
characters of the hairy-root and the crown-gall organisms. In every 
case the crown-gall organisni has given the tyjiical crown-gall reac- 
tions and the hairy-root organism the typical hairy-root reactions. 
While variations may very possibly be found by study of a larger 
number of cidtures, those studied thus far have behaved very con- 
sistently. 

IDENTITY AND TKCFINICAL DESCRIPTION OF THE HAIRY-ROOT 

ORGANISM 

The dilferential (*haracteristics of Pliyiomoiias tumefaciens, of the 
hairy-root organism, and of Bacillus radiohacter are shown in Table 8. 
The considerable number of characters which distinguish the hairy- 
root organism from the crown-gall pathogene shows that the two 
organisms are different. While the definition of a bacterial species 
is so much a matter of debate, the present writers hesitate to describe 
a new species. However, convenience, which is a primary requisite 
of a workable classification, demands that the hairy-root organism 
be given some designation. If it is considered a variety of the 
crown-gall organism and the classification is based chiefly on mor- 
phological and cultural characters, the difficulty arises that B. 
radiohacter and y3robably a number of other mucoid soil organisms 
should be included in the same species. If this were done, all these 
organisms, including those that cause crown gall and hairy root, 
would seem to be referable to B, radiohacter^ this organism having 
been desciibed prior to the others. The objections to discarding 
such a well-known and firmly established species as Phytomonas 
tume^aciens seem quite obvious. If, on the other hand, the responses 
of plants to inoculations are regarded as differential characters of 
specific rank, it would seem unnecessary to refer the crown-gall 
organism to B. radiohacter^ and the crown-gall and hairy-root or- 
ganisms and jB. radiohacter would fall into three species. 
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Table 8« — Differential characteristics of Phytomonas tumefaciens, the hairy-root 
organism^ and Bacillus radiobacter 


Differential characters « 


P. tumefaciens ^ 
(5 strains) 


Hairy*root organism 
(10 strains) 


B. radiobacter (3 strains) 


Reaction on: 

Apple 

Tomato-- 

Motility 

Growth on calcium glyc- 
eronhosphate medium 
witn maxmitol. 


Causes crown gall. 

do 

Motility doubtful. 
Abundant 


Causes hairy root... 
Slight or no reaction. 

Motile 

None to trace 


Action on litmus milk 

Absorption of: 

Congo red 

Brom-thymol blue 

Nitrate reduction 

Action on: 


[Deep serum zone. 
Grayish brown— 
[Neutral 


Slight serum zone. 
Litmus reduced—. 
Acid 


Strong 

Slight 

No nitrite.. 


Slight 

do 

No nitrite. 


Arabinose and xylose. 

Qlucose 

Galactose, fructose, 
and mannose. 

Lactose 

Maltose 

Salicin | 

Erythritol i 

Agglutination 


/Slightly acid 

\Strong fermentation • 

Slightly acid 

M^uim fermentation 

Slightly acid 

Medium to strong fer- 
. mentation. « 

No acid — , 

Weak fermentation « 

No acid ! 

Medium fermentation 

Slightly acid--. 

Slightly alkaline.- 

In own antiserum only «*.! 


Strongly acid 

Strong fermentation <> 

Strongly acid 

Weak fermentation 

Strongly acid 

Medium to strong fer- 
mentation. • 

Strongly acid- 

Medium fermentation •- 

Slightly acid 

Medium fermentation 

Strongly acid 

.do. 


In own antiserum only 


No reaction. 

Do. 

Actively motile. 
Abundant, with brown 
pigment. 

Deep serum zone. 
Grayish brown. 

Neutral. 

Very slight. 

Strong. 

Nitrate disappears. 

Slightly acid. 

Strong fermentation. « 
Slightly ackl. 

Strong fermentation.* 
Slightly acid. 

Medium to strong fer- 
mentation.* 

No acid. 

Weak fermentation.* 
Slightly acid. 

Medium fermentation. * 
No acid. 

Slightly alkaline, 
in own antiserum only.'* 


• All strains of each group gave the same rasult unl(^ otherwise noted. 

h Two of the five strains used throughout this work were secured from single-cell isolations. The reactions 
of T-35-la, which is not a single-cell strain, are not included in this summary because this culture appears 
to be a mixture of crown-gall and hairy-root organism.s. 

* Amount of sugar fermented was ascertained by quantitative sugar determinations. 

^ Exceptions are noted in Table 7. 


In view of the very considerable differences in bacteriological 
characters and host responses found between the hairy-root and 
crown-gall organisms, and the ample precedents for makhig a new 
species of an organism which is so distinct in a number of characters, 
it appears more useful, in the opinion of the present writers, to 
treat the hairy-root organism as a new species. The hairy-root 
organism, as described in detail in ail earlier section of this paper, 
is therefore named Phytomonas rhizogenes,. n. sp. Synonyms accord- 
ing to other systems of classification in common use among plant 
pathologists are Bacterium rhizogenes, n. sp. and Pseudomonas 
rhizogeneSj n. sp. A brief description follows. 

Phytomonas rhizogenes, n. sp. 

Short nonspore-forming rods, 0.55-2.69^ by 0.15-0.75^7 average 1.44/* by 0.43/*; 
motile by means of one polar flagellum; capsule present; Gram-negative; not 
acid-fast. On clear potato-glucose agar at 25® C. for seven days the surface 
colonies have these characters: Growth rapid; form circular, 2 to 6 mm. in 
diameter; surface smooth; hie vation convex; edge smooth; internal structure finely 
granular; optical characters, translucent through gray to almost white. Deep 
colonies are lenticular and dense. Little or no growth in glycerophosphate 
mannitol medium, liquid or solid, with potassium nitrate as nitrogen source. 
Acid is produced in litmus milk; the litmus is slowly reduced, and a slight serum 
zone is formed which later disappears. Watery, moderate to scant growth on 
potato plugs. No growth below pH 4.0. Absorbs Congo red and brom-thymol 
blue slightly. No nitrite formed from nitrate. No apparent growth in the 
closed arm of fermentaj^on tubes. Acid but no gas from arabinose, xylose, 
rhamnose, glucose, gal^jtose, mannose, maltose, lactose, salicin, and erythritol. 
No acid or gas from ^fructose, sucrose, raflinose, melezitose, starch, dextrin, 
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inulin, aesculin, clulcitol, and mannitol. Starch not hydrolyzed. Favorable 
temperature for growth, 20® to 28® C. Causes infectious hairy root on apple. 

SUMMARY 

An infectious type of hairy root on nursery apple trees is described. 

A limited number of bacteriological examinations of buiTknots 
have failed to reveal any causal organism. 

Isolation studies from 96 enlargements of the hairy-root type, 
including “woolly knot/' are recorded. This number includes the 
cultures employed in preliminary work. From these, 367 cultures 
were used for inoculation studies, which involved 4,252 inoculations 
into tomato, tobacco, and apple. Four of the 96 enlargements were 
found to contain the crown-gall organism, 1 yielded cultures that 
were apparently mixtures of the crowui-gall and hairy-root organisms, 
13 yielded no pathogenic organisms, and 78 yielded the hairy-root 
organism . 

Attempts were made to reisolate the hairy-root organism from 40 
hairy-root specimens induced by inoculation. All yielded typical 
cultures. Cultures from 12 of these w^ere reinoculated into apple. 
Typical hairy root was induced by bacteria from each of these 12 
specimens. 

The hairy-root organism has been inoculated into stems of apple, 
rose, honeysuckle, sugar beet, bean, and Paris daisy with positive 
results. Little or no response was induced in stems of tomato and 
tobacco. 

In preliminary experiments cuttings or layers of certain plants 
treated with the hairy-root organism have rooted sooner and more 
vigorously than those untreated. These results suggest the possi- 
bility of using this organism to stimulate root production in the 
j)ropagation of certain plants. More work is necessary before con- 
clusions can be drawm. 

The roots stimulated by the hairy-root organism have been found 
capable of supporting the life of a])ple. Delphinium, and Paris daisy 
plants after all the other roots were removed. Whether the effects 
of the hairy-root organism on the several plants over a long period 
arc harmful or beneficial has not yet been determined. 

The reactions of the underground parts of Wealthy apple stems to 
crowm-gall inoculations, hairy-root inoculations, and needle punctures 
were very similar at the end of two weeks in preliminary comparative 
trials in Wisconsin. After a month the enlargements showed a 
decided increase in size and a change in surface character to the 
crown-gall type, while those of the controls were very little larger 
and showed no change in character. After two months the symptoms 
of hairy root were beginning to differentiate from those of crown 
gall, though at this stage they still might easily be confused. The 
controls at this time had healed over. Tvpical clearly differentiated 
hairy-root and crown-gall symptoms developed within three months. 

Many of the roots which followed hairy-root inoculation were 
wdnterkilled in Wisconsin, but new roots of like type appeared the 
following spring. In the second year after inoculation deeply con- 
voluted Ibxots were often found at the places of hairy-root inoculation. 
These knots need further investigation. ^ 

A detailed comparative study was made oi\the bacteriological 
characters of 5 strains of Phytomonas tumeJacienSj 10 strains of the 
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hairy-root organipin, and 3 strains of Bacillus radiobacter. Their 
differences are summarized in Table 8. 

The poured-plate method, even when repeatedly employed in 
successive trials and with special precautions, was found inadequate 
consistently to separate the crown-gall and hairy-root organisms 
from each other. 

The bacteriological studies reported on the crown-gall and hairy - 
root organisms have been checked up and extended by studies reported 
elsewhere (34) on cultures which were progenies of single-cell isola- 
tions. Confirmatory results were secured. 

Typical crown-gall and hairy-root cultures have been separated 
by the single-cell isolation technic from a culture that was earlier 
thought a probable variant and intermediate form. 

Because of the difficulty of separating the crown-gall and hairy- 
root organisms, reports of variability within these species appear to 
be open to question when they do not deal with progeny from single- 
cell isolations. 

The hairy -root organism is described under the name Phytomonas 
rhizogeneSj n. sp. 
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STUDIES ON THE PROGENY OF SINGLE-CELL ISOLA- 
TIONS FROM THE HAIRY-ROOT AND CROWN-GALL 
ORGANISMS' 

By W. H. Wright, 2 Associate Professor of Agricultural Bacteriology y University of 
Wisconsin; A. A. Hendrickson, Agenly Office of Horticultural Crops and Dis- 
eases y Bureau of Plant Industry, United States Department of Agriculture; and 
A. J. Riker, Associate Professor of Plant Pathology, University of Wisconsin, 
and Agent, Office of Horticultural Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

The difficulty of separating uncontaminated strains of the crown- 
gall ® and hairy-root ^ organisms and of Bacillus radiohacter Beij . and 
Van Deld.® has been discussed by Riker and others.® These writers 
reported that the poured-plate method was inadequate to separate 
the organisms of this group into pure cultures with certainty. They 
reached this conclusion after taking unusual care in preparing the 
dilutions, in pouring the dilution plates, and in making four succes- 
sive isolation series from each of 31 original cultures of the crown- 
gall and hairy-root organisms. Some of the reasons for the difficulty 
in obtaining pure strains of these bacteria by the poured-plate method 
are (1) the mixture of organisms, including various soil bacteria, that 
commonly occurs in the underground parts from which the original 
platings are made; (2) the large amount of slime> produced by the 
bacteria, which hinders separation of individual cells; and (3) the 
fact that isolated single cells ordinarily fail to grow when placed in a 
comparatively large (piantity of medium. In repeated trials by the 
present writers less than 1 per cent of the single eells of these organ- 
isms grew when each was placed in 10 c. c. of sterile medium of the 
most favorable kind known. Consequently, when a cell becomes well 
separated from others in a poured-agar plate, the chances in favor of 
its growth seem very small. For a long time this inability to get 
the isolated cells to grow prevented the successful use of the sin^e- 
cell technic for studies of Phytomonas tumejaciens and P. rhizogenes. 

SINGLE-CELL ISOLATIONS 

The improvement of the single-c^U technic by Wright and McCoy ^ 
and later by Wright and Nakajima* provided a new and practical 
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method of studying the crown-gall and hairy-root organisms from 
cultures that were the progeny of single cells. Consequently, some 
of the cultures employed by Riker and his cowqrkers were used for 
making single-cell isolations, as mentioned earlier. Since the same 
culture numbers adopted by these writers are used here, the reader 
h referred to their paper for the histories and the records of patho- 
genicity of the original cultures. The original cultures employed for 
single-cell isolations were as follows; Crown gall, T-5; intermediate 
(?) between hairy root and crown gall, T-38; and hairy root, T-32 
and T— 48. 

The medium which seemed most suitable for the single-cell isolation 
work w^as selected after trials wdth a number of different media. The 
peptone-salt medium selected as the best had the following composi- 
tion: Magnesium sulphate (MgS 04 . 7 H 20 ), 0.2 gm.; sodium chloride 
(NaCl), 0.2 gm.; dipotassium phosphate (K2HPO4), 0.2 gin.; calcium 
chloride (CaCl 2 ), 0.1 gm.; peptone, 5 gin.; and distilled water 1,000 
c. c. The reaction was pH 7.0. 

The ago of the culture at the time the single cells were picked was 
very important. Since cultures that are top old or too young may 
(‘ontain a number of organisms that are either dead or not actively 
growing, it was necessary to determine for each strain the time most 
favorable for finding rapidly dividing ceils, or the “logarithmic 
growth phase as denned by Buchanan. This was accomiuished* by 
making counts on the cultures used, according to the method of 
Breed and Brew.“ The first count was made immediately after the 
transfer. Subsequent counts were made after 6, 10, 14, is, 22, and 
26 hours, respectively, at 21 ° C. Graphs of the results of these counts 
are given in Figure 1. The curves show that under the conditions 
employed the bacteria of all the cultures were in the “logaiithmic 
growth phase’’ during 'the period between 12 and 16 hours after 
transfer. Consequently this time was chosen for making the single- 
cell isolations. 

The methods emplo^^cd in isolating and cultivating the single 
bacterial cells were modifications of Chambers’s technic as described 
by Wright and McCoy and Wright and Nakajima.^^ Part of this 
modified technic is briefly as follows: Two sterile cover slips served 
as covers for the glass moist chamber used on the stage of the micro- 
scope. One of these carried a small drop of the culture of the desired 
age and the other a small drop of sterile medium. Two sterile micro- 
pipettes, with apertures approximating three times the length of the 
organisms to be isolated, were alternately employed in making the 
isolations. The edge of the drop containing the organisms was placed 
in the field of the microscope by moving the mechanical stage. One 
of the pipettes was made to touch the edge of this drop, a portion of 
which was drawn intg the pipette by capillarity. The pipette and 
cover slip were manipulated so as to deposit a series of microscopic 
drops on the dry portion of the cover slip. The process was continued 
until a microscopic drop formed that was observed to contain only 
one cell. This microscopic drop with the single organism was then 


* See footnote 6. 

j^j|®^BUCHANAN, B. E. LIFE PHASES IN A BACTERIAL CULTURE. Jour. Infect. DiSeSSeS 23* [109]-125, iUus. 

u Breed, B. S., and Brew, 

Expt. Sts. Tecb. Bui. 40, 
if See footnote 7. 

» See footnote 8. 
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COUNTING BACTERIA BY MEANS or THE MICROSCOPE. N. Y. Stotc Agr. 
lllUS. 1916. 
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picked up with the other sterile micropipette and deposited on the 
other coverslip near the small drop of sterile medium. The micro- 
scopic drop was tlien examined to make certain that the one cell, 
and only that one, was present. With the rubber-tube attachment to 



the pipette the edge of the small sterile drop was blown gently around 
the microscopic drop containing the single cell until the two drops 
merged. The cover slip with the single cell in the small drop of fresh 
medium was removed from the moist chamber on the microscope and 
mounted with sterile vaseline on a sterile hanging-drop slide. A drop 
of sterile medium was provided at the bottom o^the depression in the 
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slide to prevent drying. The slides prepared in this manner were 
incubated at about 21° C. After two to five days, when the drop 
showed bacterial growth, it was increased in size by adding sterile 
medium from a capillary pipette. By gradually increasing the amount 
of medium in two or three increments at suitable intervals a condition 
was reached which permitted transfer of the culture to a liquid or 
solid medium in a test tube, without fear of killing the organisms. 

Usually a high percentage (up to 90 per cent in the best runs) of 
the single cells isolated from the crown-gall and hairj^-root organisms 
by this technic grew. Thus far no case of contamination has been 
observed. This method insures the purity of the cultures as far as the 
present available technic permits. Although the possibility remains 
that the ultramicroscopic form of some other organism might be 
carried along with the single cell, this seems quite remote because (1) 
the cultures from which the ceils were picked were provided with 
favorable conditions for the development and active growth of the 
microscopic forms and (2) subsequent bacteriological studies of the 
progenies of the single cells did not give evidence of mixture. There is 
also the possibility that a filterable virus might be carried along with 
the single cell. This possibility has been discussed by Riker and his 
associates and will not be considered here. 

With the single-cell technic described, several series of isolations 
were made of the typical crown-gall and hairy-root organisms. 
From the crown-gall culture T-5-fff 1 (subculture of T-S) the following 
cultures were isolated: A-1, A-2, A~-3, A--4, A-5, A~6, and A~7; 
from the culture T~38~la (subculture of T~38) — a culture inter- 
mediate (?) between hairy root and crown gall — B-2, B-3, B-4, and 
B-5; from the hairy-root culture T“-32-~lb (subculture of T~32), C-1, 
C~10, C~ll, C~12, and C-13; and from the hairy-root culture T"-48‘~la 
(subculture of T-~48), D-s20. Culture T~5-fffl was itself of single-cell 
origin from T“5. Each of the other cultures from which the single 
cells were isolated had been replated four successive times from the 
original culture. The identifications of the cultures were based on 
inoculations on tomato and apple and on bacteriological studies, as 
described earlier. T~38~la, the intermediate (?) culture, produced 
crown gall on tomato and a mixture of crown gall and hairy root on 
apple. However, its bacteriological reactions were predominantly 
those of the hairy-root organism. 

BACTERIOLOGICAL STUDIES 

The bacteriological studies carried out on these single-cell cultures 
and their mother cultures were in each case parallel to those reported 
by Riker and his associates.^* Since the present writers used the 
technic which these authors have fully described in their paper, only 
the results are recorded here. 

Morphologically all' the crown-gall and hairy-root cultures were 
small rods, approximately 0.3;4 to 0.4/i by 0.5m to 3.0m. They were 
nonspore-formmg, Gram-negative, and not acid-fast. Limited ex- 
periments showed that the hairy-root organism was motile by one 
polar flagellum. Experiments thus far conducted with the crown- 
gall orgapism have shown no flagella and no motility. 

Absorption of Como red was shown by all the cultures on the 
y east-infusion glucoi^e agar after 11 days at room temperature. 
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However, the absorption by the crown-gall organism was, on an 
average, somewhat stronger than that by the hairy-root organism. 

Indol was not produced, starch was not hydrolyzed, and nitrate was 
not reduced to nitrite by any of the crown-gall or hairy-root cultures. 

The cultural characteristics of the crown-gall organism were 
markedly different from those of the hairy-root organism in certain 
media. Differentiation was secured in calcium glycerophosphate agar 
with mannitol. All the crown-gall cultures grew abundantly, while 
the hairy-root organism consistently made little or no growth. In 
liquid peptone and in liquid yeast-infusion glucose media the crown- 
gall cultures, without exception, produced a pellicle, a veil, and a 
slight precipitate, but no turbidity. In the same media none of the 
hairy-root cultures produced a pellicle or a veil, but all showed 
either moderate or abundant clouding with a slight precipitate. 
These cultures were incubated for six days at 30° C. Litmus milk 
also differentiated these two groups of organisms. The crown-gall 
organism caused this medium to turn alkaline, reduced the litmus, 
and produced a conspicuous serum zone at the top. The hairy-root 
organism produced acid, reduced the litmus, and formed a serum 
zone which largely or entirely disappeared after three weeks at 30° 
C. These results are recorded in Table 1. 

Inoculation tests with each of these organisms were made on the 
roots of sugar beets in the greenhouse. At the end of two months each 
of the crown-gall cultures had induced crown gall and each of the hairy- 
root cultures had induced hairy root. (Table 1.) Further inocula- 
tion studies are being made on other test plants; including apple. 

The single-cell analysis of the culture T-38-la, which was earlier 
regarded as possibly a pure culture intermediate between the crown- 
gall and hairy -root organisms because it had shown a mixture of the 
characters of these organisms in the bacteriological studies and inocu- 
lation work, has shown consistent results. In every test employed 
the single-cell progenies B-2, B-4, and B-5 from tnis culture have 
behaved like the hairy-root organism. On the other hand, the single- 
cell progeny B-3 has consistently behaved like the crown-gall organism. 
These organisms apparently had not been separated, even by the un- 
usual care taken with the four successive poured -plate isolations. 
These results present strong evidence that, instead of being a pure 
culture intermediate between the crown-gall and hairy-root organisms, 
T--38~la was a mixed culture of both. 

Under the conditions and over the range of characters studied, the 
behavior of the seven single-cell progenies, A~l, A-'2, A-3, A-4, A-5, 
A-6, and A~7, from the crown-gall stock culture T~5-fffl, was remark- 
ably consistent. These studies are bein^ continued to gain further 
evidence concerning the range of variability of the crown-gall and 
hairy-root organisms. 

The fermentation of carbohydrates showed a distinct difference 
between the crown-gall and hairy-root organisms. Determinations 
were made of the actions of these organisms on 0.5 per cent solutions 
of xylose, glucose, galactose, mannose, lactose, and ery thritol in the 
liquid peptone medium as measured by the hydrogen-ion concentration. 
From each of these carbohydrates each of the hairy-root cultures 
produced a considerable amount of acid, while each of the crown-gall 
cultures produced little or no acid. The remits of this work are 
given in Table 2. 
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Table 2. — Acid production fro7rh different carbohydrates by single-cell strains of the 
crown-gall and hairy-root organising and by their mother cultures « 


I 


Acul production from— 


('ulture used 

Mother culture 

X > lose 

(Huoose 

Man- 

nose 

(hilac- 

tose 

Crown '^r-5-fffl 


pll 

pll 

pH 

pH 

T 5 . .. ... 

5 8 

5 6 

6 0 

.5 4 

(Town khH A-l 

T 5-fffl.. . 

5 8 

5.9 

6 2 

5.0 

Crown gall 2 ... 

. -.do... 

5.9 

6.0 

6. 1 

5 0 

(Town Kfill A-3 

... do ... 

6 0 

6 0 

6 0 

5 1 

(Town jjall A-4 . 

... do . . ._ .. 

6 2 

5 8 

6 0 

5.0 

Clown gall A-5 

-- , do.. . . 

6 2 

6 0 

6 2 

5 2 

Crown gall A-6 . . 

do ... 

5 9 

6 8 

6 1 

5 1 

(Town gall A -7.- .. 

- ..do.... - 

5.8 

5 6 

6 2 

5 0 

Intermediate (■') T-38-la. 

T-'AH. 

4 6 

4 4 

4.0 i 

4 3 

Hairy loot H-2.. ... 

T-38-la. . 

I 4. 7 

4 8 

4 4 1 

1 4 6 

(’rown gall iL'3. 

. ..do.... 1 

5 8 

5.8 

6.4 

1 5 0 

Hairy root B~4. ... 

do ' 




' 4 2 

Hairy loot 'J'- 32- 11) .. 

T-32 1 

4’7 

47 

4 8 

4.3 

Hairy root C-J _ 

T-32 lb. ... 

4 4 

4 8 

4.5 ' 

' 4 2 

Ham root (^-10 . 

do... 1 

4.8 

4 8 

4.9 

‘ 4 4 

Hairv root ('-11 

1 do ' 

4 4 

4 3 

4 2 

I 4.3 

Hairy root ('-12. 

. . do.. . 

4 9 

4 9 

4.7 

4.3 

Hairy loot ('-1.1 . . 

...do. . 

5 (» 

4 8 , 

4 9 

1 4 4‘ 

Hail y loot T-48-la_.- 

'J' 48 . 

4 7 

4 7 1 

4 5 

4 4 

Hiur> loot JJ-2(). . . . 1 

'r 48 la 

4 3 

4 6 ' 

4 4 , 

4 3 

Control .. ' 

.. - 

6 8 

6.8 ! 

6 8 

6 8 


Lactose | 


pH 
5 8 


6 8 I 
6 8 

6.7 i 
6.6 : 
6 2 I 

6 7 ; 

4.8 , 


I. “t 

4 5 
4 8 
4 8 : 

4.4 I 
4 8 ' 

4.5 I 
4 8 ' 
4 2 I 
6 8 I 


Eryth- 

ntol 


pH 


6.8 


6 8 
6 8 
6 8 
6 8 
6.8 

5 1 

4.9 

6 8 

5.9 
5 1 
5 () 

4 9 

4.7 

5 0 
5 0 
4 8 
4.6 

6.8 


'• Tii(‘ icadinp^ \Nm' taken aftei 12<hi\''a( 39“ ThchUfjais \\eie stejilized sepaiatclj and added i.septi- 
e!ill\ to iKiiiid peptone-salt incdiuin. The foimula is given m fooluoLe c of Table 1. 


SUMMARY 

The poiirod-plate method is shown to be inadequate for the consist- 
ent isolation of uncontaminated cultures of the crown-gall and hairy- 
root organisms {Phytomonas tutnefaciens and P. rhizogenes). 

Usually a high percentage of the single cells isolated from cultures 
of the crown-gall and hairy-root organisms have been made to grow. 

The cultures from single-cell isolations were remarkably consistent 
in their behavior. Those from the crown-gall pathogenc uniformly 
gave typical reactions for that organism. Likewise, those from the 
hairy-root organism consistently gave typical reactions for that organ- 
ism. Four single-cell isolations were made from a culture that showed 
a mixture of the characters of the crown-gall and hairy-root organisms 
and was earlier thought to bo possibly a pure culture of an organism 
intermediate between these. In the bacteriological studies and inocu- 
lation tests one of these single-cell strains consistently showed the 
typical characters of the crown-gall organism and the other three 
('onsistently showed those of the hairy-root organism. 

In consideration of the limitations of the poured-plate method for 
purifying cultures, it appears that reports of variations of the crowm- 
gall and hairy-root organisms not based upon work with single-cell 
isolations are open to question. 




SIZE OF LIST QUADRAT FOR USE IN DETERMINING 
EFFECTS OF DIFFERENT SYSTEMS OF GRAZING 
UPON AGROPYRON SMITHII MIXED PRAIRIE ‘ 


By Herbert C. Hanson, formerly AsHociaie in Botany^ Colorado Agricultural 

Experiment Station ^ and L. Dudley Love, Assistant in Botany ^ North Dakota 

Agricultural College ^ 

INTRODUCTION 

The question of the most suitable size of quadrat to use in analyz- 
ing herbaceous vegetation is an important one. In studying the 
effects of two different systems of grazing upon the same kind of 
vegetation in adjacent range pastures it became necessary to adopt a 
standard size of quadrat. 

A number of factors influenced the determination. One of the most 
important of these was the method of comparing the vegetation in the 
pptures. It was decided to use a rather large number of list quadrats 
distributed fairly uniformly even though at random over the areas 
compared. This method would yield data on the abundance and 
frequency of all species including the important forage plants and over- 
grazing indicators. To save time it was desirable to use as small areas 
as possible. The time factor was important because the period during 
which the early spring plants are still green and the late summer plants 
tall enough to be identified is rather short and also because of the 
expense involved. Other factors that influenced the size of the quad- 
rat were the kind, density, and unifonnity of the vegetation. 

The two pastures under study are located on the plain at the base 
of the foothills at an elevation of about 5,000 feet near Fort Collins, 
Colo. The physical conditions and vegetation in these pastures 
have been briefly described by Hanson and Ball (6‘).‘ In one pasture 
the deferred and rotation method of grazing had been practiced since 
1921, in the other the continuous grazing method was used. (Fig. 1.) 
By the deferred and rotation method grazing was deferred for two 
years in succession on one half of the pasture until about August 15; 
on the other half meanwhile grazing was permitted from the time the 
range was ready in the spring, about May 1 to 7. At the end of two 
yeara the portion which had been grazed early was allowed to rest 
until about August 15 while the other half was grazed. Only adjacent 
portions of the pastures that were similar in reUef and soil were studied 
in detail. Important differences in the vegetation, then, would appear 
to be due to the differences in the systems of grazing. The portion 
in the deferred and rotation pasture comprised about 72 acres and the 
portion in the other pasture comprised about 63 acres. 


> Received for publication June 17, 1930; issued October, 1930. 

* Now Botanist, North Dakota Agricultural Experiment Station. 

8 The authors acknowledge the assistance given them by Andrew Clark, associate professor of math- 
ematics, Colorado Agricultural College, who suggested the statistical methods that were used to analyze 
the data on abundance and frequency. 

8 Reference is made by number (italic) to Literature Cited, p. 560. 
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METHODS 

The method employed to locate the quadrats was to lay out three 
lines equidistant from each other and parallel with the width of the 
pasture. One of these lines was near the middle of the area under 
study, the other two toward the ends. On each of these lines 10 points 
for quadrat studies were located at intervals of 125 feet (38 meters) 
in the deferred and rotation pasture and at intervals of 80 feet (24 
meters) in the other. 

The following sizes of quadrats were used at each of the 10 points 
on each line: 0.25, 0.5, 1, 2, 3, and 4 square meters. The area of 
4 square meters included all of the other units. The total number of 
quadrats of each size in each pasture was 30. For each quadrat the 
species of plants were listed and tabulated. Whenever possible the 
individual stalks, as in Agropyron, Psoralea, and Artemisia, were 
counted. In the case of sod formers, such as Bouteloua and Bulbilis, 
descriptive terms were used to denote the abundance. The frcciuency 



and abundance of each species for each size of quadrat were determined 
(Tables 1 and 2) and the species were grouped on the basis of grazing 
value for cattle into three classes — desirable, undesirable, and im- 
material. The desirable species are those that furnish considerable 
forage or that are highly palatable but because of their scarcity 
furnish little feed. The undesirable species are those that are poison- 
ous, mechanically injurious, or that are not grazed and in addition 
make heavy demands upon essential factors such as soil moisture. 
Often they are strong and aggressive competitors. The immaterial 
species are those that are grazed but slightly, and often perhaps acci- 
dentally with other plants, or those that are not grazed and, moreover, 
appear not to make heavy demands upon the habitat, nor do they 
appear to be aggressive competitors. 
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Table 1. — Frequency and abundance of species occurring in SO quadrats of six 
different sizes in the deferred and rotation pasture ^ June 11-^8, 1929** 

ll'he total figures of each size (»f (nmdrat are mcluded in the next larger size] 


|0 25 square 0 5 square J square 2 .square 
i meter meter meter j meter 

I quadrat , quadrat quadrat i (luadrat 


3 square , 4 square 
meter ; meter 
quadrat ' quadrat 


Desirable .sjiecies I rent i ber cent j her cent 1 her 

Agrop>rou Smith] i U>db_' 07 14,210 , KM) K, 120 100 110,281 

Schedonnardus nannula- ■ ; ; 

tus (Nutt.) Trel 07! S ' 73 S 83 S 

Senecio jierplexus A Nels 47 1 81 57 101 03 335 ; 

Kiirotia laiiala (Kursh) j } 

Moq 27 I 10 ■ 50 20 (•() ] 40 

Astragalus drumiiiondii I j i I I 

Dougl , 23 21 30 31 40 45 

Bouteloua gracilis (II. R. i | ' 

K ) Lag . 27 ' S , 3.1 S 47 I 

Aristida longiseta Steud . 30 ; S 30 S 30 S 

llclianlhus pumilus Nutt I 10 i 0 1 7 10 27 ' 20 

Stipa viridulu Trin - 13 13 17 25 17 53 

V’icia linearis (Nutt ) ! 

(Ireene - i , '• 14 

Curex stenophylla Wahl . J 0 0 0 0 0 0 

'J'rifolmm repens L 0 : 0 0 0 0 0 

Voti sp 1 0 0 0 0 ; 0 0 

Undesirable species , 

(lutierrena longifolia I i 

(Iretnie i 37 I 11 50 2.5 | .57 42 

Iv a axillaris Tursh — 43 i 00 , .53 175 • 03 370 

Psoraloa tenuillora IMirsh i 47 ' 28 .50 is 1 .57 04 

Linuin liOwisii Pursh.,. i 13 [ 12 13 15 j 30 70 

Artemisia guaplialodes , ; ' 

Nutt - - - . 33 I 34 , 40 00 40 122 

Rahia uppositifolia Nutt- 1 17 i 15 30 2t) 33 ■ 58 

Rulbili.s dactyloides 

(Nutt ) Raf 13 .VS 17 VS 23 S 

Helianthus aiimius L 3 1 1 17 8 23 11 

Opuntia huniifusa Raf-, . Oj 0 7 1 13 1 

Quincula lobata ('rorr ) ; 

Kuf.._ . 7 ; 4 10 10 10 12 

Muhlenbergia gracillinia 

Torr 13 V S 13 V S 17 ' S 

Vucca glauca Nutt . 0 0 7 2 7 ! 2 

Artemisia frigida Willd 3 4 ' 3 4 7 . 5 

Aster hebeclad us D(', . , 7 30 10 .58 lo j 104 

Artemisia dracunculoides i 

Pursh . ! 0 0 I 7 5 10 ' 8 

Argemone intermedia i 

Sweet 0 0 , 3 1 10 I 0 

Sitanion brevifolmm J G ' 

Smith.., 3 12 7 10 7 j 10 

J I ordouni nodosum L 0 0 0 0 31 I 

Gryptantha crassisepaia 1 ! i 

(T. and G.) Greene, --.j 3 3 3 3 ; 7 j o 

Orindolia squarrosa I i i 

(Pursh) Dunal -.-i o 0 0 ol 3 1 

Nothocalais cuspidata i 1 

(Pursh) Greene .1 0 0 0 0 I 0 0 

Rromus tectorum 1 0 0 0 0 I 0 0 

Asclepias puniila (Gray) 1 ! 

Vafl. 0 0 0 0 I 0 0 

Euphorbia marglnata I 

Pursh 0 00 0 I 0 0 

Astragalus bisulcatus 1 

(Hook) Gray 0 0 0 0 j 0 0 

Sporobolus cryptandrus I 

(Torr.) Gray 0 0 0 0 i 0 0 

Stanleya pinnata (Pur.sh) 

Brit 7 2 7 5 7 5 

CarduusuadulatusNutt-, 0 0 0 0 0 0 

Mamillaria missourlensis 

Sweet 0 0 0 0 0 0 

Stipa vaseyi Scribn 0 0 0 0 0 0 

« The following abbreviations are used in Tables l and 2: V. S., 
F. frequent; Ab, abundant. 
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cent 
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ler 

cent 
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4, 210 

KM) 

H, 120 
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110,281 

1 

100 

27, 400 

KM) 

41,702 

JOO 

.53, 884 

s 
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S 

83 

i ^ 

90 

J 

90 

I 

90 

I 

81 

57 

101 

03 

; 335 

70 

.591 

77 

875 

80 

1, 148 

10 

50 

29 

(rf) 

i 40 

' 

70 

09 

73 

98 

73 

124 


30 

31 

40 

1 

45 

00 

1 113 

07 

103 

70 

197 

1 

' s 

33 

S 

47 

I 

47 
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I 

. 57 

I 

1 s 

30 

s 

30 

S 

37 

s 

43 

■s 

47 

' S 

1 0 

17 

10 

27 

' 20 

30 

51 
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00 

47 

1 87 

n 

17 

25 

17 

53 

20 

no 

20 

108 

, 20 

; 229 

5 

3 


3 

14 

! 

3 

. 2.1 

3 

38 

' .3 

.50 

0 

0 


1 « 

0 

0 

1 0 

0 

0 

, 0 

0 

0 

0 

0 ! 


0 

1 0 

0 

' 0 

0 

1 0 

0 

0 

0 

0 i 

i 0 

0 

0 

' 0 

0 

0 

1 0 

0 


33 I 34 , 
17 i 15 


13 i V S 

0 I 0 


175 • 03 
is 1 .57 
15 i 30 


V S j 23 
8 I 23 
1 i 13 


VS 17 ' 

2 7 ; 

4 7 . 

.58 10 ' 


li 

33 : 

31 

1 , 

23 ; 

8 

12 
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Table 1. — Frequency and abundance of species occurring in SO quadrats of six 
different sizes in the deferred and rotation pasture, J une 11-S8, Continued 
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Table 1. — Frequency and abundance of species occurring in SO quadrats of six 
different sizes in the deferred and rotation pasturCy June ll-28j 1929 — Contd. 
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Table 2. — Frequency and abundance of species occurring in SO quadrats of six dif^ 
ferent sizes in the continuously grazed pasture, June 11-28, 1929 
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Table 2, — Frequency and abundance of species occurring in 30 quadrats of six dif- 
ierent sizes in the continuously grazed pasture^ June 19^9 — Continued 
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3 

4 

7 

5 

Z 

I 11 1 

17 

17 

20 

19 

20 

20 

Tragopogon pratensis . . _ 1 


1 

3 

1 1 


! 2 

10 

3 

17 

5 

23 

7 

Colloraia mlcrantha 

0 ! 

0 

0 

0 

0 1 

9 ! 

0 

0 

0 

0 

0 

0 

Malacothrix soucholdes. . . 

0 

0 

0 

0 

0 i 

9 i 

0 

0 

0 

0 

0 

0 

Lygodesmia juncea 

17 

12 

17 

15 

20 i 

29 i 

30 

58 

40 

94 

1 40 

115 

Myosurus minimus 

0 

0 

0 ! 

0 { 

0 j 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Chenopodium album 

0 

0 

0 

0 

0 ' 

0 

0 

1 0 

0 

Paronychia jamesii 

0 

0 

0 i 

0 

0 

0 

3 

1 

3 

1 


1 

Comandra pallida 

3 

2 

3 

2 

3 

8 

3 

1 9 

3 

14 

3 

15 

Thelesperraa gracile. 

0 

0 

3 

2 

3 ! 

! 

2 

3 

2 

i 7 

19 

7 : 

12 


ANALYSIS OF THE DATA 

In attempting to decide which of the six sizes of quadrats was the 
best to use, four methods of analysis were employed. The first of these 
was to compare the total number of species found in each size. The 
second was to analyze the data on abundance and the third and fourth 
were frequency methods. 

TOTAL NUMBER OF SPECIES 

The total number of species found in the quadrats in the deferred 
and rotation pasture ranged from 56 in the smallest size to 81 in the 
Ikrgest size. In the continuously grazed pasture the number of species 
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ranged from 58 to 80. The total number of species that have been 
found in the areas of both pastures is 109, and only 22 species are not 
recorded from any of the quadrats. Usually the individuals of these 
latter species are very scarce and often dechledly local in distribution. 
Graphs showing these variations are presented in Figure 2. 

The (uirves representing the total number of species in the quadrats 
are very similar for the two pastures. Both of them show a decided 
tendency to flatten between the 1 and 2 s(|uare meter sizes. This 
flattening continues as the size of the quadrat increases. Braun- 
Blancpiet (1) shows that in analyzing vegetation the size of the 
minimum area for quadrats should be where the curve begins to 
become horizontal. 

The graph, then, indicates that the minimum size of the quadrat 
should not be smaller than 1 square meter, that 2 square meters is 



o::s 05 / 2 3 ^ 


3/Z£' 0/=^ 

FiouRK 2 —Number of .species in a total of 30 quadrats according to the size of the quadrat. A, 
Continuous line, represents the number of species in the deferred and rotation pasture, B, 
broken line, the number in the continuously grazed pasture 

somewhat better, and that the benefits to be gained by using still 
larger sizes hardly warrant the extra time that would be required. 
The few additional species found in the quadrats above the 2 square 
meter size are so sparsely represented that they appear to be of very 
minor importance from the plant sociological standpoint and of no 
importance in range management. 

ABUNDANCE 

The total number of stalks of all species except sod formers or 
bunch grasses was secured for each size of quadrat for each pasture. 
Ratios were then obtained between the same size quadrats in the 
two pastures. In this way six comparative ratios were secured as 
shown in Table 3. 


17618—30 4 
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Table 3. — Total number of stalks of all species in each pasture, SO quadrats of 

each size being represented 


Pasture 

0.25 

square 

meter 

0.5 square 
meter 

1 square 
meter 

2 square 
meters 

3 square 
meters 

4 square 
meters 

Deferred and rotation 

Continuous — 

Ratio - 

5,397 
3,287 
1. 642 

10,452 

6,683 

1.588 

20,812 

13,386 

1,656 

35,388 
24, 679 
1.434 

53, 597 
38, 167 
1.403 

69,000 

50,245 

1.374 


The average of the six ratios given in Table 3 is 1.4995^0.01974, 
Since this average is between those of the 1 and 2 square meter 
sizes it indicates that, of the sizes employed, the most desirable 
quadrat to use in comparing the vegetation in the two pastures lies 
between 1 and 2 square meters. The average ratios in each of the 
three separate groups of desirable, undesirable, and immaterial 
species also point to a size between the 1 and 2 square meter size. 


FREQUENCY 

The percentages of frequency for each species in Tables 1 and 2 
were secured by dividing the number of quadrats in which the species 
was found by the total number of quadrats. For example, if a species 
occurred in 15 miadrats in one pasture the percentage of frequency 
would be secured by dividing 15 by 30 (the total number of quadrats 
in each pasture), giving 50 per cent. 

In order to find out whether the data on frequency might indicate 
the use of one size of quadrat in preference to other sizes, average 
weighted ratios were secured (Burgess, 2, p, W-Jfi)- For each 
species and for each size of cjuadrat the number of quadrats in which 
the species occurred was divided by the number of quadrats in which 
it occurred in the next larger size. This ratio expresses the relation- 
ship between the frequency in the two sizes of quadrats. This ratio 
was then weighted by multiplying it by the number of quadrats in 
which the species occurred in the larger of the two sizes. For example, 
in the continuously grazed pasture Agropyron smithii occurs in 30 
quadrats in each of the sizes of quadrats. Therefore, 30 (in 0.25 
square meter size) divided by 30 (in 0.5 square meter size) equals 1, 
which is the ratio of relationship. In order to weight this ratio it 
was multiplied by 30 (the number of quadrats in which it occurred 
in 0.5 square meter size), giving 30. In the case of Schedonnardus it 
is 9 (in 0.25 square meter size) divided by 13 (in 0.5 square meter 
size) which equals 0.69, and this ratio multiplied by 13 (in 0.5 square 
meter size) equals 8.97. This was done for each species in each size 
of quadrat. 

The weighted ratios in each size of quadrat were added. The 
number of quadrats in which each species occurred in the next larger 
size of quadrat was also added. Then the former was divided by the 
latter to give the weighted average ratio expressing relationship of 
frequency of each size of quadrat to the next larger size. This 
method of computation may be expressed in the following formula 


where 



a. weighted average ratio. 
S** summation. 
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/= number of quadrats in which each species occurred in the 
larger of the two quadrats. 

X = the ratio of relationship of each species of a certain size in 
which each species occurred divided by the number of 
qua^ats of the next larger size in which it occurred. 

The results of this method of computation are given in Table 4. 


Table 4. — Weighted average ratios of relationship in frequency of each size of 
quadrat to the next larger size 


■ 

— j 

— _ 



“ - - 


Pasture 

0 25 

square 1 
meter 

0.5 square 
meter 

1 square 
meter 

, 2s(|uarc 
meters 

3 square 
meters 

! 

Average 

j 

Deferred and rotation 

0 7fi7 ! 

0.799 

0 m 

0.882 

1 

0 921 

1 0. 842±0. 01545 

Continuous 

.71K) 

.7H7 

.790 

837 

1 

.935 

. 829d: 01608 


Table 4 shows that the average ratios are 0.842 i 0.01545 and 
0.829 ± 0.01608. Since these averages are between the 1 and 2 square 
meter sizes the conclusion may be drawn that the size to use in com- 
paring the vegetation should not be smaller than 1 square meter. 
If smaller sizes were used, then it appears that the area would not bo a 
fair representation of the vegetation. In order for a species to be 
constant^’ it appears that it should be present in 84 per cent or more 
of the quadrats in the deferred and rotation pasture and 82 per cent 
or more of those in the other pasture. Tliis also points to the use of 
quadrats not smaller than 1 or 2 square meters. 

Much work has been done in Europe on the minimum area to use 
in making quadrat studies in analyzing the vegetation. The term 
minimum area’* has been defined as the smallest area upon which 
the association reaches its definitive number of constants. Nichols 
{8, p, 134) states: 

In areas of progressively smaller size than this minimum area, the number of 
constants rapidly diminishes; in areas of larger size, up to a certain point, it 
remains constant. 

The minimum areas reported by Du Rietz (t^, p, 4^S-4^7) usually 
lie between 1 and 4 square meters when a frequency of 90 per cent or 
more is used for the determination of constants. 

The constants in the deferred and rotation pasture, using a fre- 
quency of 84 per cent as the lower limit for constancy and a minimum 
area of 2 square meters, are Agropyron smithiiy Schedonnardus pani- 
culaius, Sophora sericeaj Gaura coccinea, and Musineon divaricatum. 
The species in the contmuously grazed pasture having a frequency 
above 82 per cent are Agropyron, Gaura, Musineon, Malvastrum 
coccineurriy Sophia pinaata, and Psoralea tenuijlora. The last appears 
to be a good indicator of overgrazing in this area. 

In larger sizes of quadrats the constants increase in number, and 
in smaller sizes they decrease. Since the number of constants does 
not reach a constant number in the sizes of quadrats used for minimum 
frequencies between 60 and 90 per cent it might be that all of these 
sizes are too small to use in determining the structure of the vegeta- 
tion. But for the purpose of determining the effects of different 
systems of grazing upon the vegetation in the two pastures it appears 
that the 1 or 2 square meter size is large enough. 
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Raunkiaer’s Law of Frequency 

vSince Kenoyer (7) has given an excellent presentation of this law 
it is unnecessary to describe it in detail. Kaunkiaer has formulated 
five frequency classes. Species with frequencies between 1 and 20 
per cent are in class A, 21 to 40 in class B, 41 to 60 in class C, 61 to 80 
in class 1), and 81 to 100 in class E. The size and number of the 
quadrats influence the number of snecies that occur in each class. 
Kaunkiaer and Kenoyer used 25 quaurats; usually 0.1 square meter in 
area, for each type of vegetation. Gleason (4) prefers 100 quadrats 
ranging in size from 1 sejuare meter for dense closed vegetation to 4 
square meters for open or irregular communities. Both Kenoyer (7) 
and Gleason (5) state that the highest number of species is found in 
class A, that the number of species usually decreases in each class 
except E, which has more than class D. The curve expressing num- 
her of species in each class of frequency has two peaks, a high one in 
class A and a low one in class E. Gleason (5, p, 407) says that the 
frequency of a species is shown only when the quadrats are of such 
size that the resulting percentages of frequency cover the whole range 
of classes from A to E, and when of this size the double peak in classes 
A and E is often apparent. He states: 

Aliy incrcaKC in size tends to move the index of the various species into pro- 
gressively lower classes and may completely remove the peak in class V [E]. 
Any increase in size tends to move them into jirogressively higher classes and 
thereby to accentuate the peak in class V, while the greater total area covered con- 
tinues to add more rare species to Group T [A]. 

Table br- Percentage of speciat in each clafis of frequency and total number of 
species for each size of quadrat in each pasture 

DEFPUIREO AND ROTATION PASTURE 


Si 76 of 

(’ln.ss A, 

('las.s B, 

Ula.s.s (% 

ria.‘%s T), 

i Class E, 

'Potal 

(juadrat, 

1 to 20 

21 to 40 

41 to 60 

61 to SO 

' HI to 100 

number 

S(j. meter 

per rent 

per cent 

per rent 

per rent 

! jier cent 

ofsporios 

0 2'’) 

01 

21 

0 

r, 

i 4 

50 

5 

01 

17 

11 

6 


64 

1.0 

55 

20 1 

u 

7 

1 7 

71 

2.0 

53 

10 1 


12 

1 ^ 

75 

0 

.".J 

M 1 

H { 

14 

7 

70 

•1 0 

40 

10 1 


J1 

11 

SI 


continuous PASTT’RF 


0. 25 I 

74 

14 


2 

3 

. 5 

<13 I 

10 ' 

10 


3 

1.0 

60 

10 

11 

fi 

4 

2.0 

50 

•Kl 1 

12 


K 

3.0 

44 1 

27 ; 

13 ! 

fi 1 

10 

4.0 

40 

20 

14 

10 I 

10 




1 

— 

— 


It appeared from these statements that a classification into fre- 
(juency classes of the species in the range pastures under study might 
indicate the most suitable size to use. Therefore such a classification 
was made. The results are shown in Table 5. Analysis of this table 
shows that for each size of quadrat in both pastures the percentage of 
the total number of species is always greatest in class A and that the 
percentage in this class declines as the area becomes larger. In the 
deferred and rotation pasture the percentage of species usually be- 
comes progressively lower as the frequency becomes higher and 
double peaks do not appear except in the 4 meter size, where the 
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second, smaller peak is in class C, The curves of all the sizes except 
the 4 meter size decline abruptly from class A to class B and then 
show a gradual tendency to become horizontal. 

In the continuously grazed pasture, however, double peaks, a high 
one in class A and a very low one in class E, are evident in the 0.25, 
2, and 3 stpiare meter sizes. The other two sizes do not show the 
double peak. The curves differ from those of the other pasture in 
showing a less abrupt decline between the A and B classes and a slower 
tendency to become horizontal. 

The analysis of the data, according to Raunkiaer^s law, does not 
appear to indicate that there is any pronounced advantage in using 
any particular size of quadrat between 0.25 and 4 square meters. 
All of the sizes of quadrats give percentages in each class of frecpiency. 
The second peak, in class E, is not present in the data from the de- 
ferred and rotation pasture, and it appears in the 0.25, 2 and 3 S(|uare 
meter sizes in the oth(U‘ pasture. Perhaps still larger sizes of quadrats 
would have yielded a more pronounced tendency to produce peaks 
in class E but tlie extra expense entailed in using larger sizes would 
hardly be warranted. 

SUMMARY AND CONCLUSIONS 

In order to determiiK' the most suitable^ size of (piadrat to use in 
studying dilfercnces in the abundance and frequency of species in 
adjacent pastures grazed by two different methods, data were secured 
on six sizes of quadrats, ranging from 0.25 to 4 square meters. Thirty 
quadrats, distributed fairly uniformly and at random, were used for 
(*ach size of quadrat in each pasture. 

The first three methods that were used to analyze the data indicated 
that the size of the quadrat should not be smaller than 1 or 2 square 
meters. Curves showing the total number of species found in the 30 
(|uadrats for each size of quadrat showed a decided flattening at the 
1 square meter size. This continued in the 2 square meter size. The 
graph (fig. 2), then, indicates that the size of the quadrat should not be 
smaller than 1 square meter, that 2 scpiare meters is somewhat better, 
but that the use of larger quadrats does not warrant the extra expense 
involved. 

The second method of analyzing the data was to secure the ratios 
of the total number of stalks of plants in each size quadrat between 
the two pastures. Since the average of these six ratios was between 
those of the 1 and 2 square meter sizes it indicates that, of the sizes 
used, either one of these would be satisfactory. 

The third method was to secure weighted average ratios of relation- 
ship in frequency of each size of quadrat to the next larger size for 
both pastures. Since the averages were again between those of the 
1 and 2 square meter size it may be concluded that the quadrat should 
not comprise an area less than 1 square meter. 

The fourth method, by which the data were analyzed according 
to Raunkiaer^s law of frequency, failed to indicate any advantage in 
using any particular size of quadrat. 

Because of the evidence secured by the first three methods and 
because the use of larger areas would not yield results commensurate 
with the additional expense, it appears that the most suitable size of 
quadrat to use in this type of vegetation is 2 square meters lying 
adjacent to each other. 
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EFFECT OF CATTLE GRAZING ON VEGETATION OF A 
VIRGIN FOREST IN NORTHWESTERN PENNSYLVANIA ' 


By II. J. Lutz 2 

Assistant Professor of Forestry ^ Pennsylvania Agricultural Experiment Station 

INTRODUCTION 

The grazing studios carried out in forest stands usually have had 
as their object the determination of the effect of grazing animals on 
the more important tree species. Little if any attention has been 
paid to the effect of grazing animals on forest density and composi- 
tion as a whole. This is particularly true of the studies made in 
forests in the eastern part of the United States. 

The primary object of the present study was to determine the effect 
of grazing upon the composition and density of vegetation in a virgin 
forest. In addition, an attempt was made to learn the nature and 
extent of the injuries caused to various species of trees by the grazing 
animals. Observations were made on the effect of grazing animals 
upon certain soil conditions. 

DESCRIPTION OF THE AREAS STUDIED 

The study here reported was made during the summer of 1929 in a 
hernlock-boech stand (more specifically, a hemlock^ beech, white-pine, 
and red-maple stand) at Hearths Content, Warren County, in north- 
western Pennsylvania. For a detailed description of this stand the 
reader is referred to an earlier paper by the writer (I).^ The condi- 
tions within this stand are essentially those of a virgin forest; only a 
relatively small amount of cutting has been done. 

A portion of the area, about 25 acres, has been grazed and is inclosed 
by a barbed-wire fence. The adjacent forested area has not been 
grazed. There is every reason to believe that prior to grazing both 
areas supported the same kind of vegetation; relief and dominant 
trees on the two areas are essentially similar at present. Figure 1 
shows the general conditions existing on the two areas. Adjacent to 
the grazed area, on the northwest side, there is a cleared field of about 
5 acres which supports a grass sod. A small stream enters the grazed 
area along the south side and flows southward through the ungrazed 
area. 

HISTORY OF THE GRAZED AREA 

Grazing has been carried on more or less continuously for at least 
20 years. It was reported by a local resident that in 1909, 5 cows 
were being pastured within the stand. For a period of 12 years prior 


* Received for publication May 24, 1930; issued October, 1930. The field work on which this paper is 
based was done while the writer was associate silviculturist, Allegheny Forest Experiment Station, U. S. 
Department of Agriculture. 
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to 1928, 12 cows grazed on the area; during 1929, only 2. For a 
period of about 2 years, some time between 1909 and 1928, no stock 
were on the area! Cattle are the only animals which have been 
grazed, and they used the area only as night pasture from about June 
to October each year. In addition to the 25 acres of forest land, the 
stock had access to the adjacent 5 acres of grassland. Utilization of 
the forage within the forested area appears to have been moderately 
close. 

METHODS 


Using the barbed-wire fence which separated the grazed from the 
ungrazed area as a base line, strips were run out in opposite direc- 



Figure I.— -a barbed-wire fence separates the ungrazed area (right) from the grazed area (left). 
Note the absence of >oung tree growth on tl:e grazed side 


tions into the two areas. The'strips were from 100 to 200 feet apart 
and were established with a hand compass and 50-foot steel tape. 
The length of the strips varied from 200 to 500 feet; at 50-foot inter- 
vals along each strip a square quadrat of 1 milacrc (6.6 by 6.6 feet, 
or 0.001 acre) was established. No quadrats were established within 
50 feet of the fence, nor in the cleared field adjacent to the forest. On 
each quadrat the following data were taken : 

(1) Number of individuals of each tree species in the following 
size classes: 


Size 

Height in feet 

1-- - Oto 1.0 

1.1 to 2.5 

3 2.6 to 6.0 

4 6.1 to 16.0 

6-- 15.1 to 26.0 


Trees above 25 feet in height were not recorded since they were not 
betieved to be as subject to the grazing influence as the younger trees; 
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forest growth above 25 feet in height appeared to be essentially the 
same on both the grazed and ungrazed areas. 

(2) List of shrubby and herbaceous plants. 

(3) Degree of cover in each of the above five size classes. Five 
degrees of cover were recognized : 


Degree 

of cover Per cent cover 

1 . , , .. .. Oto 20 

2 20.1 to 40 

3 40.1 to 60 

4 . _ 60.1 to 80 

5 .. . 80.1 to 100 


(4) Diameter at breast height of all trees 0.6 inch and over. 

In addition to the above data, notes were taken as to the injuries 
suffered by the various tree species due to grazing; the general con- 
dition of the surface soil relative to structure and consistency; the 
depth of the organic layers and general state of their decomposition. 

The nomenclature here adopted is that of Sudworth (6‘) for the 
trees, and that of (Iray^s Manual (S) for the shrubs and herbs. 

EFFECT OF GRAZING ON TREE SPECIES 
INJURIES 

The direct injuries sustained by mature trees as a result of grazing 
are chiefly in the roots. The extent of such injury is dependent, to a 
large degree, on the depth of rooting of the particular species and on 
the class of stock grazed. Shallow-rooted species such as beech 
(Fagus grandifolia) and hemlock {Tsuga canadensis) may be severely 
injured by heavy animals, such as cattle. The root damage at 
Hearths Content was most apparent in the case of beech, since root- 
suckers usually appeared from the vicinity of each wound and thus 
marked the injuries. In hemlock, the damage was not as apparent, 
since this species docs not produce root suckers; however, there is no 
reason to believe that the damage to hemlock was any less severe than 
to beech. Besides occasionally killing the smaller roots, the injuries 
also open the way for fungus infection. 

Browsing of young tree growth is selective and seems to be largely 
governed by the palatability of the various species. As a rule, 
damage to hardwoods is greater than damage to conifers. This fact 
was clearly brought out in the present study. The reduction in num- 
ber of individuals per acre in size classes 2, 3, 4, and 5 which may be 
attributed to grazing is as follows for the three most common species : 
Hemlock 61 per cent, red maple {Acer ruhrum) 81 per cent, and beech 
85 per cent. That coniferous trees are not immune to browsing 
damage is further shown by the fact that on the grazed area about 35 
per cent of the quadrats showed damage to the hemlock. A group of 
young hemlock trees which have been severely browsed is shown in 
Figure 2. Ninman and Thompsoji {2) in studying a grazed area in 
Wisconsin, found that 26.8 per cent of the white pine (jPinus strohus) 
under 20 years of age had been injured by cattle. Probably hemlock 
is less susceptible to browsing injury than some other coniferous 
species because of the relatively tough, flexible nature of its leader and 
branches. 
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The height of the young trees is also a factor in determining the 
extent and severity of damage hy browsing and rubbing. In hemlock 
most of the browsing was confined to trees below 6 feet in height. 
Stickel and Hawley (d) state that in plantations, trees 3 feet and over 
in height are safe under carefully* controlled grazing. Ninman and 
Thompson (2) found that injuries to branches of white pine were 
most common on trees between 3 and 7 feet in height. Sampson (4) 
states that aspen {Populus tremuloides) reproduction is no longer in 
danger of serious damage when the terminal shoot and some of the 
lateral branches have attained a height beyond which stock generally 



browse. He found that in the case of cattle browsing the greatest 
damage was done to trees under 2% feet in height. 

Hardwoods appear to suffer most severely when they are small, 
between 2 and 12 inches in height, and damage continues until they 
are 7 to 8 feet in height. Hardwoods in general are more susceptible 
to browsing in both smaller and larger sizes than hemlock. Damage 
due to rubbing by the animals is most severe when the trees are 2 to 4 
inches d. b. h. (diametepat breast height), and is practically negligible 
in trees over 6 inches d. b. h. A few instances were noted where the 
stock had actually pulled hemlock trees 12 inches high out of the 
ground. Damage due to pulling seedlings out is most apt to occur 
with shallow-rooted species, or with species on shallow or excessively 
moist soils. 

In comparison with the number of the same species dead on the 
ungrazed area, the dead hemlock on the grazed area was about 113 
per cent and beech 134 per cent. The increased number of dead trees 
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of these two species on the grazed area probably is due to the influence 
of the grazing animals. The reason for the relatively large number 
of dead red maple trees on the ungrazcd area and their absence on the 
grazed area is not apparent. Comparative numbers of dead trees 
found are not considered as reliable an indication of the extent of 
grazing damage as are comparative numbers of live trees. Because 
of the trampling by animals, dead trees undoubtedly disappear more 
quickly on grazed areas than on areas not subject to grazing. 

COMPOSITION 

As shown in Table 1, the composition on the ungrazcd and grazed 
areas is practicallv the same so far as number of species is concerned. 
In the five size classes studied there are 12 species on the ungrazed 
area and 15 on the grazed area. Yellow birch {Betula lutea)y hawthorn 
{Crataegus sp.), black cherry (Prunus serotina)^ and large-leaved 
holly (Ilex moniana) are present on the grazed area but absent on the 
ungrazed area. Sugar maple {Acer saccharum) is present on the 
ungrazed area but absent on the grazed area. 

Table 1,-^ Abundance and frequency of tree species on the ungrazed and grazed areas 

ITNGKAZED AREA - 


! 


Abundance (average num- 
ber i^er acre) 


Species Forest layer— 



j 1 

1 2 

3 

t 4 

1 

5 

Pimis strobus 

116 
4, 533 





Tsugn canadensis 

Betula Iciita _ 

967 

667 

450 

17 

633 

17 

17 

17 

60 

33 

260 

Fagus grandifolia , 60(5 

Gastanea dentate . . 

217 

367 

33 

Quercus borealis maxima - 

' 33 ! 

i 


M agnolia acuminata 

Ilamamelis virginiana 

Amelancbier canadensis. 

67 

83 

i 33 

1 

17 


17 


17 


Prunus iMmnsylvanlca. 

33 

17 

2,650 

1 



Act'r saccharum 





Atjcr rubrum 

283 

67 

200 

17 

1 



GRAZED AREA ' 


Pinus strobus.. - 

96 





95 

10 





Tsuga canadensis. 

5,603 

80 

381 

174 

190 

47 

6,395 

96 

75 

16 

10 


5 

100 

Betula lenta 

16 


5 


Betula lutea.. 

16 




16 






Fagus grandifolia 

8,381 

32 

111 


96 

16 

8,603 

32 

50 

6 


5 


ill 

Castanea dentata 


5 





16 

Quercus borealis maxima 

47 





47 

5 




Magnolia acuminata 

63 





63 

5 


.... 



Ilamamelis virginiana 

16 

111 

47 


j 1 

! 174 







Amelancbier canadensis. i 

32 



32 







Crataegus sp i 

47 



— 


47 







Prunus serotina i 

63 





63 

.... 





1 ' 

Prunus pennsyl vanica. i 

32 





32 

5 






Ilex montana ' 

16 




16 








4,000 

32 


63 

16 

4,111 

1 

'so’i 



5 



Acer rubrum.. j 









• Based on 60-milacre plots. * Expressed in class intervals of 6. « Based on 63-niilacre plots. 

The abundance and frequency values of the three most common 
species, hemlock, beech, and red maple, are decidedly different on the 
two areas. In each case the abundance of these species in size class 1 
was much higher on the grazed than on the ungrazed area. The 



566 Journal of Agricultural Research voi. 41, no. 7 

increase in numbers was greatest in the case of beech. On the grazed 
area the number of beech trees in size class 1 is about 1 ,258 per cent 
of the number in the same size class on the ungrazed area. The large 
amount of beech in size class 1 on the grazed area is practically all of 
root-sucker origin and most of it is only 1 or 2 inches high. It has 
been repeatedly browsed off by cattle. Even if protection were 
afforded it seems doubtful that the suckers would grow into good 
forest trees. The increased numbers of hemlock and red maple trees 
in size class 1 on the grazed area may be due to more favorable seed- 
bed conditions and increased light. 

In size classes 2, 3, 4, and 5 on the grazed area the abundance and 
frequency values of hemlock, beech, and red maple are decidedly 
lower than on the ungrazed area. (Table 1 .) Red maple, particularly, 
appears to be almost entirely eliminated on the grazed area. It 
seems clear that continued grazing prevents full reproduction of the 
tree species,, and in time will result in decreased density of the main 
crown canopy. Likewise it appears that the resultant forest stand 
will contain a relatively higher percentage of hemlock than the 
original forest. 

BASAL AREA 

Table 2 shows the basal areas of the young trees on the grazed and 
ungrazed plots. The basal-area values given represent trees 1 inch 
and over in diameter at breast height in size classes 3, 4, and 5. The 
basal area on the grazed side is about 41 per cent of that on th(» 
ungrazed side. 

TabI/E 2 . — Basal area of young trees on ungrazed and grazed areas 


Specjos 


1 Basal uroa 
i on im- 
1 grazed 
I area “ 


Basal area 
on grazed 
area » 


Species 


I Basal area 
! on un- 
I grazed 
I area « 


Basal aiea 
on giazcrl 
area “ 


S(j Jt. per 
I acre 

Tsiiga canadensis I 1 K6 

FJetula leiita. : 

Fagus grandifolia | 12 51 

Quercus borealis inaKirna . . ,10 

Magnolia aciiminatu , 10 


Sq. ft, per 
acre 
4. ll 


3 00 


Harnamelis virginiaiia 
Acer brum . 

Total - 


Sq ft per 
acre 
.10 
3 m 

19 26 


Sq ft per 
acre 

73 


7 S4 




« Kepresentod by trees 1 inch or more d. b h., occuiimg in size classes 3, 4, and 


EFFECT OF GRAZING ON LESSER VEGETATION 

COMPOSITION 

Table 3 lists all the shrubby and herbaceous species found on the 
two areas, together with their frequency values in terms of percentage. 
Of the total of 70 species recorded, 27 are common to both areas. 
Nine species were found on the ungrazed area only and 34 species 
were found only on the grazed area. The following species of rela- 
tively high frequency are confined largely or wholly to the ungrazed 
pea: Lycopodium lucidulum, Coptis trifolia, and Viburnum alnifoU 
ium. Apparently the conditions resulting from the presence of graz- 
ing animals inhibit the development of these species on the grazed 
area. 
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Table 3, — Frequency of shrubby and herbaceous species on Vie ungrazed and 

grazed areas 


ScientiUc name 


[Flaseil on 60 ungrazed plots, 63 grazed! 


Common name 


Fre^iuency (per 
c-enl) 


IJngrazed Grazed 
area area 


Asipidium noveboracense . . 
Aspidiuin spinulosiim . 
Dicksonia punctilobula. , 

Onoclea sensibilis 

Osmunda clujt 1 oniana , , 

Osmunda cinnamome.i . 

Lycopodium lucidulum. 

AiUhoxanthum odoratum 

Brachyelytram erectum 

Phloiim pratense 

Agrostis alba . 

Poa sp 

.1 uncus tenuis - 

Oakosia sessilifolia.. 

Clintonia umbellulata. . 
i\1 aianlhemum canadense , . . 

Streptopus roseus 

Medeola virgimana,. 

Trillium erectum 

llaberiaria orbiculata 

(.'orallorrhiza maculata 

T^iporlea canadensis 

Pilea pumila 

Kumex obtusifolius. 

Uumex acetosella 

Polygonum hydropiper 

Phvtolacca decaiidru 

Steilaria media 

Jlanunculus acris 

Coptis trifolia 

Podophyllum iieltatum .. 

(’ardamine ponnsylvunica 

Fragaria virginiana. 

Potentilla recta 

T*otentilla canadensis . 

Kubus ocxjidentalis 

Kubus alleghenieusis - - 

Hubus hispidus 

KubUvS sp 

Dalibarda rejiens . . 

Trifolium pratense 

Trlfolium hybridum 

Trifolium sp - 

(^xalis acetosella 

Oxalis corniculata._ 

Viola papihonacea 

Viola conadensis . - 

Circaea intermedia. 

Aralia nudicaulis ... 

Osmorhiza longistylis . 

Cornus alternifolia ... 

M onotropa uniflora 

Khododendron nudiflorum 
Oaultheria procumbens . . . . 
Vaccinium pennsylvanicum.. 

Trientalis americana 

Prunella vulgaris 

Veronica offlcinalla 

Epifagus virginlana 

Plantago major 

Galium triflorum 

Mitcbella reiiens 

Viburnum alnifollum 

Viburnum acerifolium 

Lobelia indata 

Sambucus canadensis 

Sambucus racemosa 

Aster sp 

Bldens discoidea 

Hleracium aurantiacum 


New York fern 

Common wood fern 

Tlay-scented fern 

Sensitive fern . . 

Interrupted fern 

Cinnamon fern 

Shining club moss 

Sweet vernal grass ... . 

Bearded short-husk 

Timothy 

White lient grass.. 

. Meadow grass 

Slender rush 

Sessile-leaved bellw’ort . 

Speckled clintonia 

Wild lily-of-the-valley 

. Rosy twdstedstalk . 

Cucumber root 

Wake-robin 

Jtoundleaf orchis . 

Curalroot-- 

, Wood nettle 

. Richweod-.- 

Bitter dock 

Field sorrel... 

(^mmon smartxveod . 

Common pokeberry... 

Common chickweed 

Tall buttercup 

Gold thread 

Mayapple --- 

Bittercress 

Strawberry 

Hough-fruited cinquefoil . . 

Fnefiuger 

Black raspberry - - 

Mountain blackberry 

Swamp dewberry - - 

Bramble -- 

Dalibarda... 

Red clover 

Alsike clover..- 

Clover - 

Common wood sorrel 

Lady’s sorrel 

Early blue violet 

Canada violet - . - 

Enchanter’s nightshade. . 

Wild sarsaparilla 

Sweet cicely 

Alternate-leaved dogw'ood.. 

I Indianpipe 

i Purple azalea.. 

} Wintergreen. .. 

Low sweet blueberry.. 

Starflower 

I Ueal-aU 

] Common speedwell 

j Beechdrops 

[ Common plantain 

Sweet-scented bedstraw’. 

Partridge berry 

Hobblebtish 

Mapleleaf viburnum 

Indian tobacco 

Common elder 

Red-berried elder 

Aster 

Small beggar-ticks 

Devil’s-paintbrush ... ... 



8 

78 

88 


22 


1 2 

2 

22 

(•*) 

3 

-- 

"■(V) 

{“) 

(“) 

2 

7 1 

10 

1 

13 1 

50 

2 1 

(“) 

3 

3 

2 ! 

('*) 

2 1 


'”'2 : 

2 

IS 


14 


21 

. . 1 

2 


(“) 


6 

20 



() 

' 

('*) 

2 


3 


10 


C*) 

•j 

2 

o 

3 

3 1 

11 

7 ' 



3 

2 

‘:‘i 

48 

1 

2 

IS 1 

58 

2 1 


8 1 

24 


(“) 

2 : 


-'I 

2 

2 

3 

2 

3 1 


3 ' 

16 


3 

io* 

14 

2 

3 

68 

53 

53 

16 

2 

2 



(•) 

JO 

10 

3 

o 


Species observed within the area but not encountered on plots. 
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The following species, most of which have a frequency of 10 per 
cent or more, are confined largely or wholly to the grazed area: 
Aspidium novehoracenscy Dicksonia punctUobulUy Pilea pumila, Rumex 
obtusifoliusy Polygonum hydropipeVy Potentilla canadensisy Oxalis 
acetosellay and Circaea intermedia. It is interesting to note the high 
frequency (48 per cent) of 0, acdosella on the grazed area and its total 
absence in the hemlock-beech stand on the ungrazed area. Earlier 
work by the writer (f ) at Heart’s Content showed that this species was 
absent in the hemlock-beech association but was very common 
(frequency 40 per cent) in the hemlock consociation. On the grazed 
area, in the hemlock-beech association, the frequency of 0, acetosella 
is even higher than in the ungrazed hemlock consociation. The writer 
can offer no explanation for this rather striking condition. Troup 
(7) states that in Europe the wood sorrel is one of the best indicators 
of favorable light and soil conditions in a forest. 

Other species which, although having low frequency values, are 
considered characteristic of the grazed area are: Anthoxanthum 
odoratumy Phleum pratensCy Agrostis alba, Poa ^p,y Juncus tenuis y 
Phytolacca decandray Stellaria media y Ranunculus acrisy Podophyllum 
peltatumy Cardamine pennsylvanicay Potentilla rectUy Trifolium pra-- 
tense y Trifolium hybridumy Tri folium sp., Prunella vulgaris y Plantago 
major y Lobelia inflatay Bidens discoideay and Hieracium aurantiacum. 

The number of herbaceous species on the grazed area is about 189 
per cent of the number of species found on the ungrazed area. Soil 
conditions resulting from the presence of stock appear more favorable 
for the development of a rather rich herbaceous vegetation. The more 
favorable conditions appear to consist of increased light, better seed- 
bed conditions due to the trampling of the animals, and reduced com- 
petition from shrubby and young tree growth. In addition, it is 
probable that stock may {flay an important r61e in seed dissemination. 
The seeds of such a plant as Bidens discoidea may be carried on the 
bodies of animals; seeds of Phleum pratensey Trifoliumpratensey T, 
hybridum and others may be deposited with the dung. Some of the 
species appearing almost exclusively on the grazed area are considered 
to be nitrophilous, e. g., Pilea pumila aqd Uircaea intermedia, 

EFFECT OF GRAZING ON DENSITY OF VEGETATIVE COVER 

Figure 3 shows graphically the effect of grazing animals on the 
vegetation as a whole. The degree of cover, in terms of percentage, 
for each of fiv esize classes in the grazed and ungrazed areas is indi- 
cated in solid black. Shrubby and herbaceous vegetation, as well 
as young tree growth, were considered in arriving at the degree of 
cover. In the smallest size class — the vegetative layer up to 1 foot 
in height — the degree of cover on the grazed area is almost twice 
that on the ungrazed ^irea. Moreover, no other size class on the 
grazed area has so high a degree of cover. This high density is due 
chiefly to the increase in amount of herbaceous vegetation. The size 
classes above the general limit of herbaceous vegetation show a 
different condition. The degree of cover on the grazed area is only 
about 58 per cent of that on the ungrazed, in size class 2; 17 per cent 
in size class 3 ; 62 per cent in size class 4 ; and 102 per cent in size class 
6. The effect of grazing thus appears to be maximum in the vegeta- 
tive layer between 2.6 and 6 feet. In the next tallest layer, the com- 
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ponents of which probably have been longest exposed to browsing, 
grazing has reduced the density of cover from 38 per cent in the 
unpazed area to 24 per cent in the grazed — ^nearly as great an absolute 
reduction as in size class 3. The jjractical uniformity, on both sides of 
the pasture fence, of cover density in the 15.1 to 25 foot size class 
indicates that the vegetation in this class was too tall when grazing 
began to have suffered appreciably from it. 

EFFECT OF GRAZING ON THE SITE 

No direct study of the effect of grazing on the site was carried 
out but observations were made during the course of the other field 
work. Trampling by the stock appears to have given the mineral 
surface soil on the grazed area a rather dense structure and compact 
consistency. From the standpoint of forest growth, this condition 
may be regarded as unfavorable. On the other hand, the presence of 
animals on the grazed area appears to have encouraged rapid decom- 
position of the organic debris. Over most of the area the humus 



/O 20 30 ^O 30 eo 70 30 90 /OO 
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PiouRE 3.— Degree of cover in each of five size classes on the ungrazed and grazed areas 

conditions appear considerably better than on the ungrazed area. 
Rather rapid nitrification is indicated by the fairly common occurrence 
of species which are generally regarded as nitrophilous. A study of 
the effect of grazing animals on the physical and chemical character- 
istics of the forest soil would be valuable. 

SUMMARY 

The effect of grazing on virgin forest vegetation was studied at 
Heart's Content, in northwestern Pennsylvania. 

Direct injury to vegetation by grazing animals consists of browsing 
the tops, breakage by rubbing or trampling, root injuries due to 
trampling, and pulling small trees out of the soil. In the case of 
hemlock and beech a greater number of dead trees were recorded on 
the grazed than on the ungrazed area. However, comparative 
numbers of dead trees on the two areas are not considered as good 
an index of the severity of grazing injury as are comparative numbers 
of live trees. 

Compared with the ungrazed area, the number of individuals of 
hemlock, red maple, and beech in size class 1 showed a laige increase 
on the grazed area. In size classes 2,^3, 4, and 6, however, there was 
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a marked reduction in the number of individuals per acre on the grazed 
area. This reduction amounted to 61 per cent in the hemlock, 81 
per cent in the red maple, and 85 per cent in the beech. 

The basal area of trees I inch and over, diameter at breast height, 
in size classes 3, 4, and 5 on the grazed area was 7.84 square feet and 
on the ungrazed area was 19.26 square feet. 

The total number of shrubb}’^ and herbaceous species was much 
greater on the grazed than on the ungrazed area. A number of species 
appeared exclusively on the grazed and others appeared exclusively 
on the ungrazed area. 

The degree of cover on the grazed area in the five size classes 
re(*ognizea was in general notably lower than the degree of cover in 
the same size classes on the imgrazed area. 

The surface soil on the grazed area was compacted due to the tram- 
pling by stock. Another result of the presence of the stock was the 
reduction in the amount of organic debris on the forest floor due to 
more rapid decomposition. A number of the plants on the grazed 
area are commonly recognized as nitrophilous. 
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WINTER SOIL TEMPERATURES AND THEIR RELATION 
TO SUBTERRANEAN INSECT SURVIVAL ‘ 

By G. Allen Mail 2 

AsHiHtajht in Division of Entomology^ Minnesota Agricultural Exjwriment Station 

INTRODUCTION 

^Phc studies 011 winter soil temperatures discussed in this })aper are 
a development of work done at the I University of Minnesota on wdre- 
worms (Elateridae) durinji: the winter of 1927-28. The data obtained 
are, however, of wide application, affecting as they do every form of 
insect life which is passed in the soil in any stage, be it egg, larva, 
pupa, or adult. Not only entomologists but also agronomists and 
engineers arc interested in heat conduction through soil, though the 
interests of the latter are in depths much below those s.tudied here. 
Nevertheless, a similar technic to that here des(*ribed could readily 
be used in following temperature waves downward to any required 
depth. 

It has, of course, long been known that a snow blanket insulates 
the soil against subzero air temperatures. But, numerous as have 
been the workers on soil tem])erat tires, there can be found but few 
instances where exact measurements have been made of the degree 
of protection which snow affords. 

Sweezey Bouyoucos (7, ^), and McCollotdi and Hayes { 9 ) 

have, among others, made extensive soil-temperature studies, but 
from different angles and with varied technic. The work of Sweezey 
is valuable because it represents the records of a long term of years 
and at a variety of depths. Bouyoucos studied the influence of the 
various intrinsic factors aftecting soil temi)eratiire to a depth of 18 
inches under controlled and natural conditions, and the relationship 
between the soil temperatiu'e and the different meteorological ele- 
ments. McCollo(‘h and Hayes, like the writer, were interested in 
soil temperature from the standpoint of the insect survival, but their 
technic was altogether diflerent from that herein described. They 
were interested primarily in the effect of soil temperatures on the 
migration of white grubs in the larval and adult stages, whereas this 
paper deals with the effect of subzero temperatures on insects which 
normally overwinter in the upper 2 f^et of soil. 

The records here presented cover a period of eight months, from 
October 1 to June 6, by which date spring conditions had been 
established. 

1 Received for publication Apr. 15, 1930; issued October, 1930. Published with the approval of the 
director as paper No. 906 of the Journal series of the Minnesota Agricultural Experiment Station. The 
bulk of the work on which this jiaper is based was, done in the laboratories of the division of entomology. 
University of Minnesoti\, and a small portion at the Montana Agricultural Experiment Station, 

* The writer gratefully acknowledges his indebtedness to Ur. William Robinson, Dr. 11. N. Chapman, 
Prof A. O. Ruggles, Dr. F. O. Holdaway, and H, E. Cray for helpful criticisms and assistance. 

3 Reference is made by number (italic) to Literature Cited, p. 591. 
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METHODS AND APPARATUS 

The thermocouple method of taking soil temperatures was used in 
preference to that of soil thermometers because of its simplicity and 
accuracy. Connell ( 4 ) describes an efficient method of taking soil 
temperatures, using an iron pipe and standard thermometer, but for 
winter work this method would be much less convenient. Sweet- 
man used the thermocouple method at Minnesota for two years with 
good results, and the apparatus herein described is a modification of 
his set-up. Robinson {15) has described the principle of the thermo- 
('ouple so very clearly that any discussion here is needless. 

It was desired to obtain soil temperatures at intervals of 2 inches 
(5.08 cm.) from soil surface to a depth of 2 feet (60.96 cm.), in two 
different situations, one where the ground was allowed to retain its 
normal covering of snow and the other under bare earth. The buried 
part of the apparatus consisted of two pieces of 1 by 12 inch board 
3 feet long, to which all the junctions were affixed. The object of 
attaching them to a solid base was to facilitate the sinking of the 
junctions to the required depth and to insure that they would main- 
tain their relative positions. Each board was, in this particular 
instance, prepared l)y boring holes three-sixteenths' of an inch in 
diameter, these holes being staggered on ea(*h side of a center line 
and with a 4-inch vertical distance between the holes. A (‘onstantan 
wire of 28 gage was led down the center of the board to the 24-in, ch 
hole where a junction was made with a copper wire of the same ^age. 
The constantan wire was tapped by short leads to the remaining 
holes and at each hole a junction was made with a copf)er wire. 
The reason for having the junctions separated by a horizontal dis- 
tance of about a foot was to insure that the temperature set up by 
one junction would not affect the reading of the next junction only 
2 inches distant. The 12 copper wires had been previously shellacked 
and twisted into 4()-foot cables and these inclosed in two lengths of 
)8-inch rubber tubing as insulation. (These cables can, of course, 
be of any desired length within reasonable limits, depending on the 
distance of the buried junctions from the recording instruments.) 
The copper-constantan junctions were then pushed through the holes 
in the board until they projected about I)! inches. A Ke-inch shell 
vial slipped over each junction and fitted tightly into the hole. 
No wires were left exposed, all short leads being insulated in rubber 
tubing. Absorbent cotton soaked in shellac was plugged on each 
side of any break in the rubber insulation to prevent air circulation 
and to make the system as nearly waterproof as possible. All breaks 
in the rubbp tubing were wound with rubber and friction tape to 
render the joints waterproof. The network of insulated wires was 
then fastened securely to the board with clamps. (Figs. 1 and 2.) 

Holes of the reejuired depth were dug and the boards placed therein 
in a vertical position. ’ The earth removed was well puddled with 
water and poured slowly into the holes so that the junctions would 
be thoroughly embedded. After the excess water was drained off, 
the resulting depressions were filled to the level of the ground surface 
and the systeni left for some weeks to come to equilibrium with the 
surrounding soil before readings were taken. 

The constaptan wires from each board were soldered together and 
a single constantan lead was run to the switchboard. 
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Fn.rini 1 -\p(mratUH used for nieasurHip soil temperatures a, Pyrovolter, 5, oiitsUlo palva* 
norneter, r, thermos bottle with lunction at known tern jierature, rf, 10 fee! of wire cable ronneetinp 
inside switchboard w ith buried junctions 



FiorKK 2. - Diagram of system of wuring used in soil-temiierature apparatus 
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The rest of' the apparatus was erected on a table inside a heated 
building adjacent, so that readies could be taken at any time and 
under any weather conditions. The 12 leads from the snow-covered 
junctions were connected to the poles of a battery of single-pole double 
throw switches. The leads from the bare-earth junctions were con- 
nected to the other terminals. The constantan wire was led to the 
cold junction which was in a thermos bottle containing cracked ice 
and water at 0® C. registering the known temperature. The copper 
wire from this ^^known^^ junction was connected through a pyrovolter 
and outside galvanometer to the common terminals of the switch- 
board. 

The throwing in of a switch gave the reading at a single depth and 
in either of the two situations, depending on which way the switch 
was thrown. An additional junction for air temperature was also 
added to the system, this being fastened to the side of a post outside 
and in the shade. 

Temperatures were taken every two days during most of the period 
of the study, and at about 8 o’clock in the morning. As the days 
lengthened in the spring, readings were taken at an earlier hour. 

The mean air temperature was plotted, from the records of the 
United States Weather Bureau, Minneapolis station. 

SOIL-TEMPERATURE DATA 

There are two sources of heat by which soil temperature may be 
affected (1) the radiant energy from the sun, and (2) internal heat 
conducted to the surface from below. The internal heat of the earth, 
in which the temperature rises F. for every 100 feet of penetration 
into the earth, is negligible in these experiments, as only the first 2 
feet of soil are being studied. 

In temperate regions, daily variations of temperature cease to be 
felt at depths ranging from 2 to 3 feet, according to the nature and 
condition of the soil. Monthly variations arc felt to much greater 
depths, and in the Temperate Zone, e. g., Paris and Brussels, annual 
variations do not disappear at a depth less than 75 feet (7, p, 302- 
302). Smith (f7, p. SO) puts the limit of annual variation at 40 feet 
in depth, but in any case it is too deep to be of any significance in a 
study involving merely the surface layers. The solar heat descends 
in waves, the effect of which can be followed for some days at the lower 
depths. The effect of a few warm days before a sudden cold spell is . 
still in evidence after some days of reduced temperature. This lag is 
clearly demonstrated in Figure 3, where two days of warm weather 
between October 9 and 11 caused a corresponding rise immediately 
at the 2-inch level but did not affect the 8-inch level until October 13, 
and the 16-inch level until October 16. The effect of sudden rapid 
variations in temperature is not felt at depths much beyond 1 foot, 
only spells of wanntK or coolness lasting for more than a day being 
able to affect the greater depths. The temperature of the upper 
layers follows closely the atmospheric changes, but the farther one 
penetrates the smoother is the curve obtained, and at 2 feet daily 
fluctuations are very small. The weekly variations at 2 feet are, of 
course, ^eater, and. the seasonal variation is still more pronounced 
at that depth. Thus we find, in the fall and spring of the year, when 
hot days and cool nights are tlxe rule, that the waUower depths follow, 
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with a decreasing correspondence, the fluctuations of the air tempera- 
ture, while the lower depths show rather a correspondence with the 
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means of increasingly longer intervals. (Figs. 3, 4, 5, 0.) Under 
these conditions tiie charted lines for the shallower depths will cut 
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those of the depths inorc^ remote from the surface in several places; 
as witness the situations figured on October 1 and 22 (fig. 3), January 
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13 (%- 7), February 7 (tig. 8), and April 16 (fig. 5), to quote only a 
few instances. At these points, contrary to the expectation in winter 
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FforiiKt. Air teinijoraturos and soil temjieratiires at different depths in Imre (A) and sod- 
covered (B) ground during May and early June 

temperatures, the 24-iuch level is coldest, the 16-inch level slightly 
warmer and so on until the 2-mch level is reached, which shows tlu; 
highest temperature. 
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Vu,\ kk 7— Air (onipwaturev aiid soil temiwaturas at difTorciit cleplhs in bare (A) and snim- 
(•o\ered (B) ground in January 



Figure 8 —Air temperatures and soil temperatures at different depths in bare (A) and sod- 
covered (B) ground in February 



578 Journal of Agricultural Research vol 41 , no . s 


• FALL AND SPRING INVERSION 

We find, in lakes, a temperature stratification with the warm and 
disturbed epilimnion above, the stable and cool hypolimnion below, 
and the shifting but definite thermocline between them. In the 
spring and fall the waters of the whole lake are of about uniform 
density and we observe the phenomenon of a complete cirulation of all 
the water. Similarly in the soil, while the absence of circulation 
inhabits a true turnover in the sense in which it is found in lakes, yet 
there is a temperature movement which is to some extent com- 
parable. At these times a complete reversal of temperature conditions 
IS observed. In warm countries there arc two times in the day when 
the direction of heat movement is changing. During the day heat is 
moving downward in the upper layer of the soil and during the night 
it is moving upward. The point where there is momentarily no 
movemcuit is called by McKenzie and Williams (J£) the thermostatic 
point. In this study, because of the time between observations, 
these th(u*mostatic points are only in evidence in the fall and spring, 
their positions being indicated by the crosssing of the temperature 
curves for the different levels. During the hot summer months tlie 
surface layers of the soil are much warmer than are the lower layers. 
During the cold months the soil at greater depths is w’^armer. This 
inversion commonly takes place in the fall and spring in temperate 
regions, though unusually warm spells in the winter will cause partial 
inversions. A complete inversion, however, only occurs when th(^ 
mean air temperature is above the freezing point. Fully as great 
fluctuations of the mean air temperature as is shown on the dates 
mentioned above, occur in November (fig. 4) and during practically 
the whole month of December (fig. 9), but if these fluctuations occur 
when the mean air temperature is less than 0° C., the inversions do 
not take place. In sevefal instances where a series of fluctuations 
culminated in a rise of the mean air temperature to almost 0*^ an 
inversion almost occurred, there being less than a degree of difference 
in spread between the 2-inch and 24-inch levels, and on February G 
(fig. 8) the inversion occurred when the moan air temperature reached 
0®, but here the spread between the top and bottom levels was less 
than 1.5°. 

In the spring of the year the air means fluctuate rapidly and 
sharply and the succeeding warm and cold waves through the soil 
result in a chaotic crisscrossing of the temperature lines during this 
period with, however, a relatively small spread. During the winter 
months, on the other hand, fluctuations of equal rapidity and spread 
do not so markedly aflect the internal soil temperatures, and a greater 
spread is maintained between the temperatures of the upper and 
lower levels. In general, it would appear that variations of the air 
temperature which occur above 0° C. affect the internal soil tempera- 
tures to a much greater ciegreG than do similar fluctuations below the 
zero line, i. e., in the absence of snow or other insulation. The 
reason, of course, why subzero temperature changes do not so markedy 
affect the internal soil temperature is that in winter the ice in the soil 
has first to be melted, the heat of fusion being 80.02 gm. calories. 
Water possessing such a high heat capacity, five times greater than 
that of dry soils, requires five times as much heat to raise the tempera- 
ture of a unit of water to 1° as is necessary for a unit weight of soil. 
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As the specific heat of M^ater is so much higher than fhat of any soil 
it therefore follows that masses of water act powerfully in the modera- 
tion of soil temperature by their nien^ presence. The immediate 
effect of a warm wave is not evident in ice-filled soils and a lag results. 
A rise in air temperature from —28° to —6° C., that is 17°, through 
five days, resulted in a corresponding rise in the 24-inch level of 
only 0.75° five days after the commencement of the upward move- 
ment. But an almost corresponding situation in the above-zero 
part of the scale, that is a rise of the mean air temperature from —3° 
to +15°, or 18° in five days, resulted in a rise of the temperature 
of the 24-inch level of 5°, five days after the commencement of the 
upw^ard movement. H('re is a comparable rise in air temiierature 
above and below the zero line, but the effect on tlie deeper soil tem- 
peratures compared to those of tlie upper strata is marke'dly different. 


I 
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FioniE 9— -Air temperatures and soil temperatures at dilTercnf depths in bare (A) and snow- 
covered (B) ground in Derainber 


McKenzie-Taylor and Williams ( 12 ') show' in their study of sand 
temperatures that the reduction in temperature range was approxi- 
mately constant for a constant increase in depth. Given a known 
surface temperature they were able to calculate mathematically the 
temperature at any depth, and the observed and calculated tempera- 
tures were in remarkably close agrement. With soil, however, this 
agreement between the calculated and observed range was absent. 
Soil, unlike sand, is so lacking in imiformity of composition, and so 
many factors enter into the question of its heat conduction that ordi- 
narily it is almost impossible to compute mathematically the tem- 
perature at a given depth from a known surface temperature. 

Extremes of temperature, i. e., maxima and minima, especially 
during the winter months are more significant than monthly or even 
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weekly means In so far as the ability of an insect to hibernate is 
concerned. 


EFFECT OF SNOW ON TEMPERATURE OF THE SOIL 

The temperature records obtained from a situation where there is a 
surface insulation of snow differ, as one would anticipate, very 
markedly from those from bare ground subjected to the same air- 
temperature conditions. Bouyoucos (2) studied the effect of snow on 
the soil temperature for se veral winters, and for one month of his studies 
made comparisons of soil temperatures under the following condi- 
tions: (1) Bare, (2) covered with compacted snow, (3) covered with 
uncompacted snow, and (4) covered with a layer of vegetation and 
uncompacted snow. His findings are very similar to those shown 
here. A comparison of Figures 3 and 4 shows that for the months of 
October and November the temperatures in both the bare and sod- 
covered ground paralleled each other very closely, the slight lag in 
the temjierature lines of the latter being due to the insulating effect 
of the sod covering. On December 1, IVA inches of snow fell, and 
during the period from the first to the lifteenth there accumulated 15 
inches of snow, which did not wholly disappear until rianuary 12. 
From November 30 until eJanuary 5 the mean air temperature was 
never above 0^ C., and for several days was below -- 18°, reaching a 
minimum of —24.2° on fTanuary 2. The temperatures recorded for 
the bare ground during this period closely followed the sharp fluctua- 
tions of the air temperature, the lowest temperatures recorded from the 
different levels being: Air, —24.2° C.; 2-inch level, —17.94°; 8-inch, 
-15.24°; 16-inch, -9,78°; 24-inch, —5.46°. These temperatures 
show, for Januarv 2, a spread between the 2-inch and 24-inch levels 
of 12.48°. 

During this same peridd, under a snow blanket of varying thickness, 
the soil temperature in no case fell below — 1.0°C., the greatest 
spread between the 2-inch and 24-inch levels being only 3.5°, and at 
one time it was only 0.4°. By January 13 the snow had all dis- 
appeared and the temperature in both situations became more nearly 
similar, except for the slight lag due to the insulating effect of the sod. 
Even a slight fall of 0.5 of an inch of snow on January 30 was suffi- 
(uent to effect a rise in the temperature of the 2-inch level, whereas 
the a(*companying 3° drop in air temperature on that date was 
followed by a corresponding drop in the temperature of the 2-inch 
level under bare ground. Snow, therefore, even an inch or two, makes 
a remarkable difference in soil temperatures and, of course, in the 
chance of survival of the soil-inhabitating organisms, and may 
quite conceivably be a limiting factor in their ability to overwinter 
successfully. 

EFFECT OF RAIN ON TEMPERATURE OP THE SOIL 

Several hours ^ rain, even in frozen soil, had the effect of bringing 
the soil temperatures to equilibrium in the layers studied. That is 
to say, the temperature spread between the 2-inch and 24-inch layers 
was narrowed, m one case to 0.4° C. and in another to 0,3°. Cessa- 
tion of the rain and the subsequent drying out of the soil resulted in 
a widening of the temperature gradient at the different depths. 
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Normally the soil moisture consists of hygroscopic and capillary 
water, the amount of tlie latter depending largely on the physical 
nature of the soil and its relation to the underlying water table. Since 
this is the case, the majority of the temperatures here discussed, being 
those of similar soil in practically the same locality, and with merely 
a surface-covering difference, can be compared dire(*.tly as an indica- 
tion of soil conductivity, the water being a constant factor. When, 
however, a rain of some hours’ duration occurs there is introduced 
‘^free water,” wliic-li, as it penetrates into the soil, mechanically de- 
stroys the temperature gradient which is one criterion of soil conduc- 
tivity, and the soil temperatures then obtained are those of the free 
water modified by the specific heat of the soil and other intrinsic 
factors. 

On February 7, 1 inch of rain fell during a r2-hour period, followed 
by a marked rise in air temperature. (Fig. 8.) The soil-teinpcrature 
gradient in both situations studied practically disappeared. A con- 
siderable drop in air temperature immediately following this rise 
resultcnl in a corresponding drop in the soil temperatures, but owing 
to the fact that the sod covering in one instance slowed down evapora- 
tion, a difference in th(‘ temperature gradient resulted. This was 
most noticeable on the 25th of the month, when there was a difference 
of 4^^ in the temperature' sjiread of the two situations. The bare 
ground, allowing of quicker evaporation, was colder. 

During the spring months it will be noticed that any fairly heavy 
rainfall is followed by a narrowing of the temperature gradient in the 
soil. Even in midwinter a sharp thaw acts similarly even though the 
ground be frozen below the' 2-foot leved. In January from the 6th to 
the IJth the air temperature was above 0® C. and by the 12th there 
were water puddles everywhere from the melting snow. (Fig. 7.) The 
narrowing of the temperature gradient in the sod-covered ground is 
not striking but is evident nevertheless. The very noticeable effect 
on the bare-ground graph for this month may not be typical, as one 
corner of the plot was inundated, but similar conditions prevailed 
in every hollow and depression in the cultivated fields. Therefore, 
the introduction of free water in the form of melting snow or rain will 
cause a sudden shaq) rise iii soil temperature to the depth affected. 
This is again demonstrated in the graph for March (fig. 10) where 
heavy rain reduced the temperature spread in the first 2 feet to less 
than 0.5®. The effect of such comparatively rapid temperature 
changes on hibernating organisms is problematical. 

THE CONDUCTIVITY OP SOILS OF DIFFERENT TYPES 

It was desired to ascertain how the type of the soil affects its con- 
ductivity. Four types of soil having widely different characteristics 
were chosen. These were (1) a sandy loam from the experimental 
plot where these investigations were carried on; (2) a pure sand from 
the river bottom; (3) a silt loam from the experimental farm plots, 
and (4) a peat from the peat bogs of northern Minnesota. As these 
soils were so different in their physical properties and consequently 
in their water-holding capacity, the first q,uestion which arose was 
how to handle them so that the results of these conductivity experi- 
ments would be comparable. On the suggestion of C. O. Rost, of 
the division of soils of the Minnesota station, the writer used the 
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moisture equivalent ^ as a basis of comparison of the temperature 
results. The moisture equivalent for each soil was determined to be 
as follows: Sandy loam, 7.39 per cent; river-bottom sand, 2.02 per 
cent; silt loam, 15.07 per cent; peat, 189.76 per cent. 

Owing to faulty technic the results of this series of experiments 
were negligible and the experiments are mentioned merely to show 
the basis on which the work was conducted. Subsequent experi- 
ments at the Montana Agricultural Experiment Station indicate 
that the differences in soil conductivity are small. In those tests 
no attempt was made to control soil moisture. Holes of about a cubic 
yard capacity were dug in the ground outside and these were filled 
with loam, sand, and a sticky gunibo,*^ respectively. 

Daily temperature readings throughout the months of October, 
November, and December showed that the greatest difference ob- 
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Figurk 10.— Air temperatures and soil temfwratures at different depths in bare (A) and sod- 
covered (B) ground in March 

tained in the temperatures of the three soils at similar levels below 
8 inches in depth was in no case greater than 2.2° C. (Tables 1, 2, 3.) 
The surface layers did show a larger spread, but this, from the stand- 
point of hibernating organisms, wp not significant. A soil-temper- 
ature paph (fig. 11) for the period when the lowest temperatures 
prevailed at Bozeman, ^Mont., i. e., from January 15 to February 15, 
shows very clearly the slight differences between the temperatures 
of gumbo and sand at the same levels. Since moisture plays so im- 
portant a r61e in the conductivity of the soil, very different results 
may be anticipated from a similar experiment in which soil is used 
at the moisture equivalent, but the conditions described are such as 
would be found in the field and are probably a more reliable indication 
what one might expect to find in nature. 

— — — — — 

<Th« amo^t of water the soil will hold against a force of 1,000 times gravity, 

• ^ fine colloidal clay containing praotically no humus. 
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Figure 11.— Air temperatures uikI .soil temperature.s at different depths in bare ground (A), snow- 
I'overed gumbo (B), and snow-covered sand (C) at Bo/eman, Mont , during the coldest part of 
the year 


Table 1. — Daily temperature readings {^C.) of different types of soils at different 
depths recorded during part of October at Bozeman^ Mont., as compared urith air 
temperatures 
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Table 2. — Daily temperature readings (°C-) of different types of soils at different 
depths recorded during the month of November at Bozeman^ Mont., as compared 
with air temperatures 
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3 9 

Nov. 22 . 

.8 

.8 

1 0 

2.7 

3 0 

3. 0 

4 6 

4'0 

1 4.5 

, 5 4 

4.8 

5 5 

! 4 1 

Nov 23. ... 

2 

. 5 

1,2 

2 3 

3.3 

3 2 

4 1 

4 3 

1 4.6 

: 4.9 

5 3 

5 6 

0 

Nov. 21... 

: 4 

.7 

1 3 

2 9 

3 2 

3 1 

4.8 

4.8 

1 4 3 

5. 3 

5 2 

.5 9 

3 5 

Nov 25.. . 

1.2 

1 8 

1.2 

1 7 

2 3 

2.5 

• 4 1 

3 7 

' 4 2 

i 5 0 

4 6 

5 3 

I 3 6 

Nov. 2<1.. .. 

' .0 

1 3 

1 2 

2 3 

3.9 

3.0 

1 4 5 

4.6 

! 4 6 

5 2 

5 1 

5 6 

1 3 8 

Nov 27 

, 0 

1.0 

1 •» 

1.8 

3 0 

2 8 

1 4. 5 

4,7 

1 4 8 

1 .5.2 

5 0 

5 9 

i ,2 9 

Nov. 2S 

! 

.5 

: 6 

1 7 

2 7 

2 4 

! 4.0 

4 5 

1 4.3 

! 4 8 

1 4 9 

5 9 

' 1 9 

Nov. 

i —.7 

- 2 

, 0 

1 1 0 

1.8 

2 1 

’ 3 5 

3 6 

3 7 

! 4.4 

1 4 4 

5. 1 

1 1.5 

Nov. 30... . 

-.7 

- 3 

i .3 

jJJl 

I 8 

1.8 

! 

3 5 

i 3.7 

j 4 3 

1 4 2 

4.8 


A vcraK<‘- 

{ .462 

1 22 



1 1 46 

1 2 46 

3 22 

3 43; i 88 

4.78! 5.07' .5.65 

! 1 

1 5 52 

6 3l! 3.29 


Table 3 . — Daily temperature readings (°C.) of different types of soils at different 
depths recorded during the month of December at Bozeman, Mont., as compared 
with air temperatures 


Date 

2 -nich (iepth 


8 -ineh fleplh 

.. 

16-inch dc]>lli 

24-inch dejah 

Air 

tem- 

per.*- 


Lotim 

Gumbo 

Sand 

TiOainlGuinbo 

Sam! 

Losini 

Gumbo 

Sand 

£ 

J 

Gumbo 

San<i 

turo 

Dee. 1 

0 

0 

0 


1 5 

2 0 

1 5 

3.7 

3 7 

3.3 

4 3 

4 3 

4.8 

2.5 

Doc. 2 - . - 

-.2 

-.1 


1 

.2 

.1 

1 

.6 

.6 

. 5 

.6 

. 7 

.8 

I.S 

Dec. 3 

-1 3 

- 4 

— 

3 

.6 

1.3 

1.4 

3.*'J 

3 0 

3 0 

3 8 

3 9 

4.3 

.8 

D(*c. 4 

-3 1 

— . 7 

-1 

3 

5 

1 2 

1.2 

3.3 

3,0 

3.0 

3 8 

3 7 

4.2 

.6 

Dec. 5 

- 2.8 

-.6 

-1 

3 

0 

1 3 

.8 

2.8 

2 9 

2.8 

3 3 

3 f ‘> 

4.2 

1 6 

Doc .6 

-3.4 

-.6 

— 1 . 

4 

-.4 

1 4 

.9 

2 8 

3.0 

2.7 

3 8 

3.8 

4.3 

1.8 

Dec. 7 - - 

-4. 9 

-.7 

- 1 . 

9 

-.9 

1.2 

.7 

2.7 

2.3 

2 4 

3.3 

3 3 

4.0 

2.3 

Dec. 8 

- 2.0 

3 

0 


.6 

2 5 

2.1 

4.3 

4 2 

4.3 

4.8 

4.8 

5.7 

2.8 

Dec, 9-- 

-4.0 

-1 8 

-2 4 

-1.9 

0 

0 

1 1 

1.0 

1.0 

1.7 

1 6 

1.6 

3.0 

Dec. 10- - „ 

-3.7 

-1 4 

-2 3 

-1 3 

0 

0 

1.3 

1.4 

1 3 

2.9 

2.5 

3.0 

3 2 

Dec. 11.. 

-l.O 

-.6 


3 

-.4 

.3 

.5 

2. 1 

2.2 

2 0 

3.0 

2.8 

3.6 

3.1 

Dec. 12 

-1.4 

- 4 

-1 

5 

.4 

i 1 

.2 

2.7 

2 4 

2.0 

3.2 

3.2 

3.9 

1.6 

Dec. 13 

-.8 

0 

0 


1 0 

2 2 

2.0 

3.6 

3.3 

3.3 

4.6 

4 2 

4.9 

1.7 

Dec. 14 

- 2 . 1 

-.9 

-1 

1 

-.9 

.1 

0 

1.3 

1.3 

1.8 

2.1 

2.6 

3.1 

2,3 

Dec. 15 

-2 2 

-1 0 

-1 

0 

-1 0 

0 

0 

t.l 

1,2 

1.2 

2.3 

2.3 

2 6 

1.8 

Dec. 16... 

-1.4 

-.9 

— 

7 

— . 7 

2 

.1 

1 5 

1.5 

1 4 

2.3 

2 5 

3 1 

1.6 

Dec. 17- ... 

-1.7 

-.8 

— • 

8 

-.6 

.3 

0 

1.5 

1.6 

1.5 

2.3 

2.3 

2.6 

1.3 

Doc. 18 

-1 4 

- 0 

— 

4 

-.3 

4 

.3 

1.7 

1.9 

1,8 

2.4 

2.5 

3.2 

1.4 

Doc. 19 

- 1.2 

-.2 


3 

0 

8 

.9 

2.2 

2.2 

2.1 

3.1 

3.0 

3. 5 

1.2 

Dec. 20 j 

-.3 

-. 1 

— 

2 

• .2 

9 

.8 

2.2 

2.1 

2.1 

2.9 

2.8 

3.5 

1 6 

Dec. 21 1 

-1 6 

— . 7 


9 

-.5 

.3 

.1 

1.7 

1.3 

1.3 

; 2.5 I 

2 4 

2.9 

1.9 

Dec. 22 1 

- 2.6 

-.8 


9 

- 5 

.2 

0 

i 1 7 

1.4 

1.5 

2.3 

2.3 

2.8 

2.2 

Dec. 23 

-3.0 

-1.4 

— 1 

3 

-1.4 

-.5 

-.5 

! 1.2 

1.2 

1.0 

1 2.0 

2.1 

2.4 

1.9 

Dec. 24 

-2.3 

-.7 

-1 

1 

-.8 

.3 

2 

i 1 9 

1,5 

1.5 

2.3 

2.4 

2.8 

1.8 

Dec. 25 

-1.3 

-.7 


5 

-.4 ! 

.3 

.2 

[ 1.4 

1.6 

1.7 

i 2.2 

2.3 

3.0 

3.0 

Dec. 26--.- 

-2.3 

-.7 


7 

-.6 

.3 

0 

1.2 

1.3 

1.3 

1 2.1 

2.0 

2 6 

2.3 

Dec. 27 

-l.O 

- 1.0 

— 

3 

-.4 

1 

0 

1.5 

1.5 

1.3 

1 2.1 

2.2 

2.6 

4.0 

Dec. 28 

0 

-.9 

0 


-.3 

0 

.3 

1.3 

1.1 

1.6 

! 1 9 

1.8 

2.8 

3.6 

Doc, 29- ..-. 


0 


5 

1.2 

.6 

1 0 

2.5 

! 1.8 

2.0 

2.9 

2.7 

3.3 

3.1 

Dec. 30 

1,2 

0 


3 

1.1 

.7 

.7 

2.3 

1 1 8 

1.7 

1 2.8 

2.5 

3 0 

2.9 

Dec. 81 

.9 

. 5 


,9 

1.3 

1.4 

1.3 

2.7 

1 2.4 

2.6 

: 3.2 

3.2 

3.7 

2.0 

Average-. 

-1.61 

-.57 


,687 

-.5 

,671 

.64 

1 2.09 

j 1.99 

1.96, 2.8 

2.78 

3.31 

2.15 





Oct. 15, 1930 Winter Soil Temperatures and Insect Survival 585 

Boiiyouoos (/) vshowed that there is a remarkable equality in the 
specified heats of diverse types of soils and that this factor exenrises 
practically no influence in causing and maintaining a diflerence in 
temperature in these various soils. It is the water content of the 
soil which is probably one of the chief intrinsic, factors which might 
affect temperature variations. The average temperature of diverse 
classes of soils is not so variable as is popularly believed, and the well- 
known influence of color in affecting soil temperature is not here 
considered, as this factor can be largely discounted in winter on 
account of the snow. 

INSECT SURVIVAL AT VARIOUS LOW TEMPERATURES 

EFFECT ON WIRE WORMS OF SUDDEN LOWERING OF TEMPERATURE 

Many insect groups which are winter hardy have been found to 
have a lower freezing point in winter than they have in summer; 
in other words, they are able to withstand exposure in winter to 
temperatures wrhich in summer would kill them. Payne {IS) sum- 
marized the w^ork done in this field by several w orkers, and demon- 
strated that the freezing point of oak borers becomes lower in winter 
and rises in the spring, and by summer is very near to that of water. 

On fluly 17 several well-growo larvae of Midaiiotw commi/nis Gyll. 
and Ludlus aeripennlH, Kirby var. tivctuti were collected in the 
field and placed at a constant temperature of 5° (\ At the end of 
(U) days one-third of thes(» were dead, the remainder being still appar- 
ently healthy and active when the temperature was raised. A second 
batch of larvae of both species collected in summer and placed at a 
temperature of betwoen 0^ and 2° were all dead at the end of 14 days. 
This mortality was pi’obably due to the fact that they WTre collected 
in summer, and, without being allowa'd to harden oif by being sub- 
mitted to a gradual lowering of the temperature, were placed imme- 
diately at a subnormal temperature for that time of the year. Since 
the mortality at 5° was so much smaller than at 0° to 2° it would 
appear that a range of a very few^ degrees above freezing is a critical 
point. 


FREEZING POINT OF WIREWORMS IN LABORATORY EXPERIMENTS 

Payne established the fact that wdreworms {Elater sp.) are among 
the insects which undergo a hardening pi’ocess. She noted that 
there is a considerable variation in the freezing points of individuals 
of any given species at a given time, or a periodicity in the freezing 
and undercooling points of the same species. This is borne out by the 
death of wireworms exposed suddenly to the relatively high teinpera- 
ture of 2® C. Gradual chilling, a few degrees at a time, results in the 
acquirement of a hardiness which enables the insect to withstand 
extremes of cold, and Payne shows that the average freezing point 
of several larvae of the wood-borer, Synchroa punctata^ chilled at 
is decidedly lower than that of individuals of the same species 
which had not been chilled. 

Using the technic described by Payne, the writer determined 
the freezing points of Melhnotm communis larvae and adults. The 
hardening-off process apparently does not become pronounced until 
after exposure of the insect to temperatures lower than 8® C. This 
assumption is based on the fact that larvae which had been held at 
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constant temperatures of 32°, 27°, 22°, 17°, 12°, and 8° for some weeks 
showed little difference in their freezing and undercooling points. Also, 
the summer-collected larvae kept at 0° to 2° C. were all dead in 14 
days. Of those kept at 5° approximately 66 per cent survived and 
among those kept at 8° there was no mortality. 

Table 4. — Effect upon freezing and undercooling points of holding Melanoius 
communis larvae at different constant temperatures for some weeks 


1 

1 Larvtto held 
at- 

AvoniRC 
undercooling 
point of six 
larvae 

Average frec?- 
ing point for 
six larvae 

1 ‘■r 


^C. 

1 :v2 

-3 2S 

-0.79 

! 27 

-0 G 

-.9G 

, 22 

-6 3G 

21 

' 17 

-7.11 1 

-1.44 

! 12 

-7. 33 1 

-1 36 

1 * 

-5. 93 

-.99 


The freezing points (shown in Table 4) were obtained by the piercing 
method, i. e., by puncturing the insect with the sharpened end of a 
thermoj unction which was then forced into the tissues. The tem- 
peratures obtained seemed hardly logical in view of the conditions 
experienced by these larvae in nature and, in agreement with Carter 
09), w ere not considered reliable. By the contact method, holding the 
couple in close (‘ontact with the insect, an average undercooling point 
of —14.6° C. and a freezing point of —12.8° were obtained. The 
averages by the piercing method wt>re —6.1° and 1.11°, respectively. 

The probable reason why freezing-point determinations made by 
the piercing method are unreliable is explained by Robinson (lOy p. 
757), as follows: 

* * * When an insect is pierced a siiock is produced within the organism 
which is accompanied by a flooding of the tissues with free water, due probably 
to tlie release of bound water held by the cell colloids. As a result, the lymph 
becomes diluted and the freezing point is raised. 

Ill order to verify the possible accuracy of the piercing and con- 
tact methods, the following experiment was conducted. Several 
Melanotus larvae were placed in a Carrier temperature cabinet at a 
temperature of —2° C. Every 48 hours the temperature was lowered 
by 2 degrees, and at these tiines a larva was sectioned and examined, 
microscopically for ice crystals. It was found that not until a 
temperature of — 12° was reached were ice crystals present, which 
is in agreement with the freezing point of —12.8° determined by the 
contact method. 

Similar discrepancies having been observed in determining the 
freezing points of the adult, a visual check was likewise run on 21 
individuals. For thfe adults, by the piercing method, the average 
undercooling point was found to be -6.92 ° C. and the freezing point 

— 3.16°. By the contact method the average undercooling point was 

— 18.3° and the freezing point — 15.5°. A correlation chart, such as 
is described by Robinson {16), was prepared for the adults of Me- 
lanotus eommunis to enable an approximation to be made of the 
natural undercooling and freezing points by contact. By using the 
figures — 18.3 as the undercooling point and — 15.5° as the freezing 
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point observed by the contact method, the chart sho^vs the natural 
internal undercooling point to be —17.8° and the internal freezing 

f )oint to be — 14.8°. Several beetles from the same lot were, like the 
aryae, placed in the low-temperature cabinet and individuals removed 
at intervals for examination. The abdomen was cut in two with a 
pair of previously chUled scissors, and the tissue quickly examined 
under a binocular mioroscoi)e. If the tissues were still fluid, the 
temperature in the cabinet was lowered by another degree. Observa- 
tions are recorded in Table 5. 

Table 5. — Effect of exposure to low lemperaiiircs for a period of six hours upon 
the adults of Melnnotus communis 


'J'ein peril- 
ture 

Result 

1 

°C 

i 

-11 

! No sign of freezing 

-12 

i Do 

-13 

; Do 

-14 

' Do 

-in 

- Tissues frozen 


The beetles used in these tests apparently froze between — 14° 
and — 1(1° C., this being in close agreement with the internal freez- 
ing point as determined l)y the coiTclation chart. Several beetles 
were removed from the cabinet after 12 hours^ exposure of —10° and 
allowed to thaw out at room temperature. In less than four hours 
they re(;overed their normal activity. A further series of tempera- 
ture decreases to which the remaining beetles were subjected showed 
that they were able to withstand temperatures much lower than their 
undercooling point. 


Table 6 . — Ability of adults of Melanotus communis to recover their normal aciiv^ 
iiy after exposure to low temperatures for different periods of time 


'Fmir.era- 

lure 


T’entxi of 
ex I ohuro 


Kesult 


i 


-17 

-18 

-19 

-21 

-23 

-24 


I lour H 1 ; 

7 I Recovered in le.ss than six hours, i 

12 ! Do, i 

12 I Do. 

12 1 Do. I 

8 I Did not recover. 

12 ] Do. 


It would thus appear that the freezing point of Melanotus communis 
larvae is about — 13° C. and that of the adults about — 15°. 

In this connection it is interesting to note that Fulton (^), working 
with the same species, found that the larvae were more resistant to 
heat than the adults, although, as stated above, the larvae are less 
resistant to cold. 


FREEZING POINT OF WIREWORMS IN OUTDOOR CAGES 

In connection with thesp hibernation studies it was desired to ascer- 
tain the freezing points of both adults and larvae of wireworms. As 
a preliminary to these freezing-point determinations, several larvae 
and adults of two species of wireworms, Ludius aeripennis, var. 

18496—30 2 
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tinctus and Melanotus communis, were buried at 2-mch intervals in 
the ground near the buried thermocouples. These wireworms were 
placed in salve tins previously well perforated with numerous small 
holes and filled with damp sand. Four cans were placed at each 
2-inch interval from 2 to 24 inches in the fall of 1927 and dug up for 
examination on May 27, 1928. On examination it was found that 
the mortality was very low and obviously not due to temperature 
conditions. Of 49 larvae buried in the fall, 43 were found to be alive 
and active when dug up. The only beetle found dead was in a cage 
at the 4-ineh level, the larvae in this cage also being dead, so prob- 
ably their deaths were due to some local condition within the cage, as 
both adult and larvae at the colder 2-inch level survived. The dead 
larvae were from cans buried at depths of 4, 6, 10, and 12 inches, 
there being no deaths of either beetles or larvae at 2 inches. In the 
case of the 6 and 12 inch fatalities there were ants present and the 
larvae had been devoured, only the chitinous exuviiim being left. 
However, it is improbable that the ants had killed the wireworms. 
All of the beetles which survived lived in the laboratory until the 
middle of July when they commenced to die off for want of attention. 
For food they were supplied with honey sirup. 

Inasmuch as the lowest temperature to which these insects were 
exposed at 2 inches under snow was only — 14.3° C. on January 28, 
and to that temperature but for one day, no mortality directly at- 
tributable to low temperature was to be expected. 

McColloch, Hayes, and Bryson (11) in making hibernation studies 
on white' grubs in Kansas, found that only 11.2 per cent of the 1,188 
white grubs dug up were above the 6-inch level. Between 6 and 12 
inches, 42 per cent were found, making 53.2 per cent of the grubs 
hibernating in the first 12 inches. Below the 24-inch level only 3.8 
per cent were found. , 

H. L. wSweetman, working in Minnesota, found that white-grub 
adults have a much higher freezing point than wireworms. In 
beetles collected from the field on October 30, when presumably they 
had been subjected to some weeks of hardening, he found the under- 
cooling point (by the contact method) to be — 10.58° C. and the 
freezing point —6.5°. The average temperatures for several white- 
grub beetles with different previous histories were undercooling point 
— 6.94° and freezing point —3.28°. In Table 7 are presented Sweet- 
man's data (unpublished) showing the ability of June bugs, Fhyl- 
lophaga implicita, to withstand low temperatures in their natural 
environment. 

Table 7. — Ability of June bugs to withstand low temperatures when at various 

depths in the soil 


Depth 

[Number of adults— 
% 

Number of grubs— 

Lowest 

tempera- 

ture 

in soil 

1 Alive 

Dead 

Alive 

Dead 

Feet 

j 




® a 

0.5 

! 0 

9 

0 

2 

~8.0 

1.0 

; 1 

9 

0 

2 

-6.75 

1 5 


7 

0 

2 

-5.25 

2.0 

I 7 

3 

0 

2 

-3.75 

4.0 

1 10 

0 

1 

1 

0 

5.0 

: 10 

0 

2 

0 

0 

6.0 

6 

4 

2 

0 

0 
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It will be readily seen from these data that white grubs must of 
necessity hibernate at much lower depths than wiroworms if they arc 
to survive winter soil conditions, on account of their higher freezing 
points. 

The freezing point of the larvae is not definitely known. It is 
apparently nt)t much below 0° C. and in southern Minnesota they 
would, oven under snow, have to go below 2 feet to overwinter suc- 
cessfully. Criddle (5) in Manitoba, records finding grubs which were 
hibernating at much greater depths than those recorded by McCol- 
loch and Hayes in Kansas (»9). From this it would appear that as 
one proceeds northward into colder climates the white grubs will be 
found hibernating at greater depths, and in southern Minnesota one 
would expect to find them at depths intermediate between those 
recorded from Kansas and Manitoba. If this be the case, then it 
would bo conservative to assume that the majority of the Minnesota 
white grubs hibernate below 2 feet in depth. On this assumption, 
during the period of this study the minimum temperature to which 
they would have been exposed was above — 0.9°, and under Minne- 
sota conditions they would have adequate protection* even in the 
entire absence of snow. 

Normally the majority of wireworms, both adults and larvae, 
hibernate from 4 to 7 inches, although McColloch, Hayes, and Bryson 
( 10 ) show them as ranging from 3 to 36 incdu^s, the majority being 
found at 7,7 inches during one winter and 10.1 inches during another. 
It has, however, been the ol)servation of the writer, both in Alberta 
and Minnesota, that wireworms most often enter hibernation at a 
depth of from 5 to 7 inches. Be that as it may, wireworms, with 
their ability to withstand great extremes of temperature, will be 
amply protected from all danger of freezing in this latitude. Again 
referring to this season^s temperature studies, it is apparent that 
even those wireworms which had entered into hibernation at a depth 
of 4 inches would only have experienced a minimum temperature of 
— 17.8° C. which would probably be still within the safety zone for 
adults. This temperature would undoubtedly prove fatal to such 
of the larvae as were caught at 4 inches, their imder(*,ooling point 
being about — 14.6° C., but those which were present at greater 
depths, and they are normally in the majority, would survive even 
bare-OTound temperatures. Even as little as half an imdi of snow 
affords sufficient assurance that the larvae will survive a normal 
Minnesota winter. It would require a prolonged spell of temperature 
in the neighborhood of —20 °F. with an entire absence of snow, 
to destroy the wireworm population to any extent. 

TO WHAT EXTENT DOES TEMPERATURE CONTROL WIREWORMS? 

Wireworms do not build up and by their increase annually widen 
an area of infestation. Their long life cycle, from 3 to 5 years, if not 
longer, means slow multiplication. Infestations as a rule are local in 
character. A severely infested field or two may be found in one 
district and the nearest other infestation of importance naay be 
many miles distant. This localization is, in the case of species the 
adults of which do not fly, e. g., Ludius aeripennis Kby., partly 
due to their restricted^ powers of locomotion. But some species ate 
strong fliers and some other reason must be looked for to explain the 
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marked fluctuation in the incidence of this pest. Their known 
enemies arc few. With few excepting predacious larvae and ground 
beetles can not, except in the case of very immature wireworms, 
pierce their thick chitinous cuticle. Some large Calosoma beetles, 
starved for several days and then liberated in a cage with several 
wireworms, avidly seized half-gi‘own larvae in their mandibles but 
were unable to make the slightest impression. In the rearing cages 
fungous diseases attack the wireworms occasionally. A few worms 
ill the laboratory died of a disease identified as Oospora, destructor 
(Metch) Delacr. and healthy worms brought into contact with the 
diseased were also attacked and killed. Adults in the oviposition 
(^ages were killed hy this same fungus. But the percentage of larvae 
or adults observed so killed in nature is infinitesimal. As to ])arasites, 
the only case which has come to the attention of tin' writer is an 
instance mentioned by Lane, who once obtained an unidentified 
parasite from a wireworm. Thomas (W), after a thorough review 
of the literature on parasites of wireworms, lists only 10 cases of insect 
parasitism and four annelid {larasites, many of the oliservations not 
being well authenticated. On one or two occuisions mites of the 
family Tyroglyphidae have been oliserved heavily infesting wire- 
worms, l)ut the hosts did not appear to be unduly inconvenienced 
apart from the niecJiaiiical irritation induced by their ])resence. 
Mite-infested wireworms have been kept for months and they de- 
veloped normally and finally pu])ated. Those are probably merely 
cases of indirect phoresy sink as is mentioned by Wlieehu* 
Bacterial disease undoulitedly takes a c.onsiderable toll of l)oth 
wireworms and pupae, es])ecnill .7 the latter. Dead and flaccid 
worms have been dug up occasionally, as well as several pupal cells 
containing a disintegrating mass. Birds, too, play their part in 
keeping down the number of wureworms, picking up many behind the 
plow. Pomerantezev {I 4 ) dissected out the stomachs of 120 rooks and 
found that insect ])ests and their larvae occurred to the extent of 
55 to 70 ])er cent. Two sjiccies of wireworms, Agriotes and Ludiusy 
were well represented among other beetles. 

Climatic ennditions tlnui must undoubtedly be a control factor 
of much importance. In the summer when the larvae are active they 
can go down to escape fatal high temperatures, but as the soil cools 
they become dormant and a further droj) in temperature after they 
become inactive finds them unable to escape. If the cold weather at 
this time is severe and sufficiently prolonged many of the wireworms 
will not survive. To a certain extent then, one may prognostigate 
from a study of the climatic conditions during the winter months 
whether such a pest as the wireworm is likely to be more, or less, 
severe during the ensuing spring, Wireworms are, according to 
King (8) among the major pests in Saskatchewan, and undoubtedly 
the heavy snowfall affords ample protection against the subzero 
weather which mevails for long intervals during most of the winter 
months in that Province. But it is not outside the bounds of possi- 
bility that a cold spell of several days^ duration might follow a 
Chinook,® and under such circumstances a heavy wireworm mortality 
might reasonable be expected. 


• A warm sustained southwest wind common In parts of western North America, and which during the 
winter causes a rapid rise in temperature and removes all snow. 



Oct. ir», i<KJ0 


591 


Wmier Soil Temperatures and Insect Survival 


SUMMARY 

A thoriuocoiii)lc jU)pjn*aUis for taking soil temperatures is described. 

Ke(‘.ords of soil temperature during the winter months in Minnesota 
at depths from 2 to 24 inches are analyzed. 

Snow is normally an ad(H]uate j^rotecdioii from cold to insects which 
hibernate at depths below 4 inches. 

Kain or a rise in temperature inducing a thaw destroys the tempera- 
ture gradient iri the first 2 feet, and if such (conditions are followed by a 
decided drop in t(*mperature, hib(u-nating insects may suffer high 
inortality. 

The dilfereiuces in the conductivity of soils of various types are not 
sufliciently great to be significant in insect hibernation. 

I^arvuie and adults of hfelanotus comnnaiis have a sufliciently low 
fr(*eziiig ])oint to withstand Minm^sota winter temperatures if they 
hib(U*nate b(4ow 4 indues in the ground. 

Larvae and adults of two spc^nes of wireworms buried outside all 
winter at denths from 2 to 24 inches ])racti(cally all survived— the 
small mortality not l)eing due to tcunperatun^ conditions. The 
possil)ility of lar\ ae and adults of Avhitc grubs surviving similar 
conditior^s is discuss(‘d. 

It is (concluded that winter climatic (‘onditions may in ccndain 
instances cause heavy mortality among hilx'rnating wireworms. 
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RELATION OF SIZE OF SWINE LITTERS TO A-GE OF DAM 
AND TO SIZE OF SUCCEEDING LITTERS’ 

Hy T B. Keith- 

Research Assisi (ltd in Aniiirtl II us'uin'h'j/^ lUtnois Atji ic till uial Expert me ni Slalion 

INTRODUCTION 

Th(^ obj(M*is of tins investigation were two: (1) To (l(‘lonnine the 
relation of size of swine littej* prodiK'ed at a pven a^e of tlie mother 
and the size of litters produced at later ages, and (2) to ascertain 
the relation of the size of a given litter to that of succeeding litters. 


SOURCE OF MATERIAL 

The data for this study were taken from the hrcHMling and fari’ow- 
ing records of tJie swine herd of the department of animal husbandry 
of the University of Illinois, accumulated during the years 1902 to 
192o. This investigation ini'lndes OSo litters containing (S,47S pigs 
of 7 breeds. The records were kept by the herdsmen actively in 
charge of the barns. Th(‘ tem])orary r(‘cords of the herdsmen wcu’e 
transferred to ])ormanent records in the ollice, and Iroin these tlu' 
data for this study were taken. The breeds involved are Duroc- 
Jersey, Ih*rkshir(», Poland (Jiina, (Chester White, Hampshire, York- 
shir(‘, and Tamworth, Th(‘ L)uroc-fh‘rse.v, l^erkshire, and Poland 
( Jiina com])rise 24.4 jx'r cent, 21 ])er (‘ent, and 20.7 j)er cent, res|)ec- 
tively, of tin' total number of litters studied. (J'ablc 1.) 

Table 1 — ^ innher of pigs, number of liliers, and average, size of lillers slndted 


Breed 

Number ' Number 
of pig.s of Idlers 

\ veiago 
si/e of 
littei 

1 Brei'd 

Number 
; of pigs 

Number ' 
of litters 1 

A vi'ruge 
.sue of 
litter 

1 )uroe-Jerse\ 
Berk.sliue - . 
Poland ('111110 
( 'hesler \\ luit* 
>’niK‘>hiie 

2,203 ' 22h 

2, 112 ' 290 , 

9 93 

S 12 

7 91 

9 SO 
Jl 42 

* liampsliire . 
j 'I'amwortb 

.J 472 

453 

45 

9 07 
10 11 

1 ^ ' 

’794 ' M 

.jll ! 4 :. ■ 

I Tot.iL . 

1 

j S. 17S 

935 ' 

9 (It’ 


OUTLINE OF THE STUDY 

The litters were groui)ed into (‘lasses on tlie basis of th(* ag(‘ of th(‘ 
dam, and the dams were classifmd on the basis of age at the time of 
farrowing, in intervals of six months, as folhnvs: 10 15, 10 -21, 22-27, 
28 23, 24-20, 40 45, 40-51, 52-57, and up to 04-00. 

The dilferent phase's of the study are as follows: 

(1) The ndation of the size of litter to th(' age of dam is shown for 
Duroc-Jersey, Berkshire, and Poland China breeds separatedy and 
for all three combined. (Kig. 1 and Table 2.) 

I Ruci*ivo(J for publication June 7, 1930, issued October, 1930 Submittorl to the faculty of Uu* liraduatc 
.school of the University of Illinois in imrtial fulfillment of the reiiuireinents fur the degree of master of 
science, 1920. Paper No 37 of the division of animal genetics, department of animal husliarulry, Uiiuor- 
sity of lllinoi.s 
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(2) The average sizo of litter produced throughout the lifetime of 
tlie sow when first bred at an early age, and the average size of litter 
l)roduced when the sow was first bred at a later age are shown for 
the three breeds separately and for tin' three breeds combined. 
(Table 3.) 

(3) The correlation between the size of litter at a given age of the 
(lam and the size of littei* at later ages is shown for Duroc-Jersey, 
Berkshijc', and Poland China })reeds separately and for all the seven 
breeds combiiu'd. (Table 4.) 

(4) The correlation l)etween the size of one litter and th(^. size of 
suc(‘eeding litters is shown for Duroc-Jersey, Perkshire, and Poland 



Fkit’ki* 1 Sizo of litter farrowed at dilTorent apes of the sow. Tho fipiiri's (m Uu» a}»sci\sa repre- 
sent a^er!lpe apes, for oMiiiiple, 12 leprescnts the ago of sows from 10 to J/i months, iiudusivo, 
Jh, the ape of sows from 10 to 21 months, inclusive 


China brecnls separately and for all the seven breeds combined. 
(Table o.) 

(5) The corredation lietween the size of the first litter and the 
average siz(' (if the combined second, third, and fourth litters produced 
by the same individual is shown, and also the correlation betw^nn tlie 
size of the first, and the average size of the combined third and fourtfi 
litters produced by th(' same individual. 

(0) The (correlation fietwetui the size of the second litter and the 
average size of the combintHl third and fourth litters produced by 
the same individual is shown, and also the correlation between the 
size of the seoond litter and the average size of the combined third, 
fourth, and fifth litters produced by the same individual. 
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Table 2. — Data showing rvhiiwn hciween age of dam and sizcn>f htlvr in Duroc- 
Jersey^ Berkshire, and Poland (Inna swine 

DiaiOCJEKSEY 


Age of (him 
(months) 

I Klim her of 

1 pigs far- 
, rowed 

Knmher of 
hi ters 

A \ erago 
si/e of 
litt(‘r 

.\ge of dam 
(months) 

Knmher of 
ings far- 
rowed 

Kiinih(‘r of 
litters 

j A \ ('rage 
size of 
litter 

12.. 

309 i 

1 36 

8 .58 

48-. _ - 

113 

10 

11 30 

18 . 

312 

35 

8 91 

.54 

62 

5 

12 40 

21 

435 

1 41 

<» 89 

60 

41 

4 

11 00 

30- . - - 

216 

1 

9 .St 

66 - - - 

1.5 

•J 

7 ro 

3fl 

23.5 

1 22 

10 68 

72 

9 

1 

9 00 

42.. 

130 

1 

10 00 



1 

1 


BEJlKSinJtE 


12 . 


311 

48 

7 17 1 

60.. . . 

51 

6 

8 50 

18 


3.11 , 

41 

7 52 

6(».- . 

35 

4 

8 75 

21- 


471 

(.1 

7 72 ' 

7*2 . - _ 

31 

A 

7 4 Ti 

30- 


312 , 

37 

8 43 

78.. 

22 

3 

7 33 

36. .. 


206 i 

31 . 

7 82 

84--. . 

27 

1 

7 IM) 

42 . , 


163 

20 ; 

8 15 

90 . 

22 

2 ' 

10 00 

48. 


in. 

19 ' 

7 1.8 

96.. 

J2 

I 

12 00 

51.. 


81 

10 ' 

8 10 



, 






roLAM) 

('ll IK A 




12-. .. 


252 ' 

40 

6 30 

12 

106 

13 

8 1.5 

18--- 


Ti5 ; 

22 

() .59 

48. .... 

108 

13 

S 30 

21-. .. 


3fi0 , 

h) 

9 00 

.54 . 

45 

.5 

9 00 

30 


192 1 

2.1 ' 

8 3.5 

60 

13 

2 

6 50 

36 


180 

20 , 

9 00 






DUKOC-JKRSEY, BEIiKSlIJHE, AM) I'OTAND ('TllXV, C’OMHJXKl) 


12 

' 905 ' 

1 

121 

7 30 

60. . 

i 108 1 

12 

9 00 

18 

788 ' 

101 

7 80 

66 

' .50 ' 

6 

8 33 

21. .. . 

1 1,266 , 

145 

1 8 73 

72 . 

40 ' 

5 

8 00 

.10 

7.50 

85 

i 8 82 

7.S 

' 22 ' 

3 

7 33 

36 

681 , 

76 1 

i 8 96 

84-... 

27 , 

1 

7 00 

42 

399 

46 1 

8 67 

90 

20 

2 

10 (Ml 

48 

367 . 

42 

H 74 

, 96. 

12 

J 

12 00 

51 

188 

20 

9 40 

1 





Table JE- Average size of litters from sows which fan owed first lifter at Id months 
compared with average size of litters from sows which farrowed fust litters at IS 
months 

DUHOC-JEKSEY 


A\cr.igt* sue ol litters when <lam is uged (in months) - 


Tsnmlicr 
of litters 


Average 
I si/e of all I 
j litters 


, 12 1 

18 ' 24 1 30 36 42 48 

.51 60 

66 1 

72 

78 

84 90 96 

1 

! 8 581 

9 11 10 11' 9 94 11 40 12 00 11 .55 

10 33 10 66 

6 00 


13 00 


137} 9 92 

i 

8 70 9 9210 86 9 44,11 00 8 00 

9 33 13 (K) 

9 50 

‘oYk) 

— - 

4 00 , 

fi.5j 9 60 


BERKS! HUE 

7 17i 7.7s! S 10' S 3'jl S OOi 9 Ho! 8 90| 8 33' 8.371 0 00 7 7r) 7 7r.! 8.00 10 00:i2 Ool 179 8.05 

j I 7,41| 0 85i 8 75| T.37j 7 37| 7 80j 7.00 U OOj 8 0010 00, 9 00| 7.00 | 7 OOi 90 7.51 

FOT.AND CUIXA 

0.30 6 54* 8.81 8.25 9 27 8.44| 7.89; 9.00| 0.00 ! i ' 137| 7.74 

6 00| 8.1«| 7.00 8.00 5 50; 8 33; 6.50 7.00 1 -j ; 28j 7.18 


DUROC-JERSEY, BERKSHIRE, AND BOLAND CHINA, COMBINED 


7 30 7.95 8.95 8.83* 9 . 54 i 9.96i 9.42 9.00' 9 00; 8.25i 7.75j 8 80 , 8. Oo' 10. 00 12 00* 453 8.52 

7.67 8.12 9.16] 8.44| 8.50| 8.00 7.90 ll.00ill.33 9 50| 9.00, 5.50} : 7.00} 183 8 24 
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Tahi.k 4 — CorrvUiJiion hettrem the size of liiter af a given age of the sow and the size 

of litters at later ages 

DUJUX'-JKUSEY 




-- — 

, 



- - 

— 


\ uin- 


1 

1 

x\ Hill- 

1 

I 

1 

datii ( rnoni hs) 

bf‘f of 

1 ^ 

! V K 

Akc of dam (months) 

bei of 

1 r 

! T' E 


Idlers 

1 



litters 


i 

10-15 and J<1-2L. . 

10 -0 115 

' ±0.154 

22-27 and 28 33 

21 

+0 483 

1 

1 ±0.112 

10-15 and 22-27 

26 

' +.462 

±.172 

22-27 and 40 -45 . 

13 

' + 662 

: ±.105 

10 15 an<l 2S -.i:i . 

16 

1 -f.230 

+ 164 

, 22-27 and 16-51 

12 

1 4- 305 

, ±.127 

10-15 and cl4- SO., , 

17 

: -.225 

±. 155 

28-33 aiul 34-30 

17 

d . 535 

, ±.116 

10-15 and 4(1-51 

0 

+ 612 

± 140 

34-30 and 40-45 , 

15 

i -j . 780 

1 ±. 068 

16-21 and 22 -27 

23 

+ 097 

' ± 112 

, 3+30 and 46 51 

13 

+.500 

±.046 

16 21 and 2« S.{., 

14 

4 .208 

; ± 164 

' 40-45 and 40 51.. , 

11 

+. 611 

1 ± 127 

16- 21 and M SO | 

17 

1 -.080 

I -t 162 

1 




i 




BERKSHIHK 




16-15 and 16 21., 

15 

! hO. 090 

±0 172 

1 

' 22 27 and 28-33,. 

23 

-0 240 

1 

: ±0 ni 

10-15 and 22 27., 

33 

4 

± 117 

1 22-27 and 34-30 

25 

- 032 

i ±.131 

10-15 and 2S-S:i,._ 

22 

+ 0005 

±.143 

1 22-27 and 40 51 

15 

- 101 

! -1 l(»7 

10 15 and Sl~ao.. 

10 

+ 226 

-i 148 

1 22-27 and 52- 57. 

It) 

+ 416 

-Jr 17(. 

10-15 and 40 45. 

10 

I 201 

±. 205 

28 33 and 34-30- - 

22 

- 005 

±. 142 

16-21 and 22-27 

22 

+ .130 

± 128 

1 28 33 and 40-15-.- 

12 

+ 400 

■1 163 

16 -21 and 28-3:i 

11 

- 315 

± 183 

1 28-33 and 4()-51 . ... 

1.1 

f 5.48 

k 132 

16 21 and ;U-30 

12 

-.010 

-4-. 107 

i 34-30 and 46- 51 

16 

f 07t) 

+ 165 




: 

TOLANIt ('IIIN S 


10-15 and 16-21 | 

13 

fO 681 

, ±0 000 

16-21 and 22-27 . 

14 

i -1-0 (.51 

! ±0 103 

10-15 and 22 27 

30 

+ 172 

■ -1- 006 

16-21 and 28 33 . . 

10 

056 1 4 212 

10-15 and 28-33,. ; 

15 

■f.Ofit 

1 ±.170 

22-27 and 28-33 

21 

~ 343 

± 120 

10-15 and 34-30... 1 

15 

- 440 

, ±.137 

' 

22- 27 and 3+30 

11 

+ 101 

± 03() 



A I.L 

H HEEDS 

('oMHINKD “ 




10-15 and 16-21 

62 1 

+« 220 

10 080 

' 22-27 and 34 30.. 

1 

02 1 

-1 0. 277 

A 0 064 

10-15 and 22-27 . . 

114 

1 +.313 

± 055 

22-27 and 4(H45.. 

52 1 

-f 30.1 

+ 0K5 

10 15 and 28-33 

71 

+ 125 

±.077 

22 27 and 4+51 

•45 1 

+ 253 

± 007 

10-15 and 34-39 

K1 

+ 229 

±.071 

22- 27 and 52-57 

22 1 

+ 508 

+ 106 

10 15 and 4(M5 

38 

1 + 653 

±. 063 

28-33 and 3+30 1 

73 ; 

+ 321 

± 071 

10-15 and 46-51 

33 

+.115 

±.115 

28-33 and 40 45 

45 i 

+ 526 

± 072 

10-15 and 52- 57 . . . 


- 220 

d-.155 

28-33 and 4tV51 . , 

30 

4. 477 

± 008 

1(’»-21 and 22-27 

77 ! 

+ 440 

±.062 

28-33 and 52-.57 | 

21 , 

+ 107 

± ni 

16-21 ami 28 33 ' 

54 

+ 363 

, -± 079 

34-30 and 40-45 

53 

+ 425 

±. 085 

16-21 and 34 39 . . .. 

46 

-1 . 037 

±. 000 

34-30 and 46 51 

51 ' 

+.415 

± 078 

10 21 and 40-45 

26 

+. 018 

+. 130 

3+30 and 52-57 . . 

24 

+ .380 

±. 168 

16-21 and 4(>-51 

18 

+. 306 

±. 134 

10-45 and 4051... . 

•to 

4 603 

± 067 

10-21 and 52-57 

11 

+. 161 

±.107 

40- 45 and 52-57 

25 

-f 204 

±. 123 

22-27 and 28 33 _..i 

00 

+ 130 

±.060 

4+51 and 52-57 ■ 

23 

+ 580 

±.140 


“ Duioc-Jeibcy, liorkshire, Polnml C'hina. riiester WJiite, Hamphliirt*, Yoikshirc, and Taniwortli. 
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Table 5. — Corrvlation hehrcen the size of one Utter and size oX succeeding Utters 


DIJROC-JERSEV 



1 

1 xVuin- 


1 

1 Num- 



Tvitters correlated 

' her of 

r 

1* E 

Jiitlers eon elated j bei of 

r 

V. E. 


1 litters 

, 


■ 

litters 



1 hikI 2 - 

! .53 

+0 245 

rtO 0S7 

2 and .5.. 15 

+0 055 

40 173 

1 aiKl 3 , - - _ 

1 

+ 2H0 

± 102 

2 Jind i)_ . ; 10 

+ 545 

4 129 

1 and 1 - - - 

2S 

. -f 040 ' 

rl . 127 

.{and4_ _ . ..J 25 

4 :i«i 

4 115 

1 and 5 , 

J 19 

1 + 0.52 

A 1.54 , 

3 and 5 i 10 

4 03:1 

4 101 

1 and 0 , , _ 

1 11 

! - 010 

± 204 i 

3 .and 0 .1 12 

4 309 j 

4 107 

2 and 3, 

1 35 

1 + 392 ; 

rfc 09f) ; 

4 and 5 . .J 17, 

4.442 ! 

4 131 

2 and 4 _ . 

.1 25 

1 

' -1- 22.H ' 

± 123 |. 

4ainl0, _ 1 11 1 

- 009 

4 203 

— 

1 


1 

' 

' 



HE EES HIRE 


1 and 2 


i 

1 

40 I7S i 

i A 0 073 . 

i 

2 and 0 . 


1 

13 

4 017 

4 

115 

1 and 3 


44 , 

4 013 

: J 102 ■ 

3 and 4 . 


27 

4 207 

4. 

120 

1 and 4 , . . 


27 i 

4 301 ] 

i 4. I2S i 

3 and 5 .. 


20 

4 412 

4 

ns 

1 and 5 


21 

799 

i 4 523 1 

4 and .5 


21 

4 0H7 

A 

140 

1 and 0 _ 


13 ' 

05S 

I 4 Ihl 1 

4 and 0 


13 

f 210 

4 

ISO 

2 and 3 

- 

: 41 1 

4 117 . 

1 104 

4 and 7.-- 


9 

- 40S 

4 

1S5 

2 ainl 4 . - . 
2and.5._ 


PI 1 

i 1 

1 119 1 
373 1 

1 4 124 

4 i:i3 

5 and 0 . . 


13 

-.311 

4 

ISO 




COLVXI) (UllX \ 







1 and 2 ' 

13 

1 0 420 , 

40 OS 4 ' 

2 ami 4 .. ... i 

21) 

40 1K4 

40 099 

1 anti 3-- --- -! 

29 

4 41.S 

J 103 ; 

2 and 5 . ' 

12 

4 145 

.1 170 

1 and 4... . .. i 

19 

4 IH2 

i- 1,50 

3 and 4 

20 

4 . 103 

4 145 

1 and .5._ 

11 

4 0H7 ' 

4 201 i 

3 and 5 

11 

4. 00:1 

± 133 

2 ainl 3. . . 1 

31 

-f 450 : 

A. 090 , 

1 






AM. BREEDS 

« COMBINED 




1 and 2 

22S 

40 341 i 

40 0:10 

2 Hinl 7. . . i 

19 

40 445 

_L0 139 

1 and 3 ' 

150 

i 2:12 1 

4 052 

3 ami 1 

90 

4 307 

1- 059 

1 and 4 ; 

94 

4 :^^*7 , 

J 004 

3 and 5 . 

05 

4 542 

±. 059 

1 and 5 . . 

()7 

4 2.iS 

h 071 

I 3 and 0 . . > 

42 , 

- 009 

d. 100 

1 and 0 

40 

4. 250 

4 099 

3 ami 7 . - 

22 ‘ 

4 300 

± 130 

1 ami 7 - _ ' 

22 

- 3.1.5 , 

4 140 

3 and s ... 

14 i 

4 . .524 1 

1 4 130 

1 and s - - . 

14 

144 ' 

170 

4 and 5.. 1 

05 

4.441 

1 007 

2 and 3 . - . - i 

IH9 

-1- .307 

1 042 

4 ami 0 

42 

4.022 

i 4 104 

2 ami 4 _ . i 

93 

4 2'IS . 

4 000 

4 uml 7 

22 

4 . 43S 

4 130 

2 ami .5 ' 

l)S 

4 1.55 

4 079 

' 4 and s . . . . 

13 

4.578 

4 120 

2 and o ... 

i 

41 

K004 1 

4 0.5S 

5amlo 1 

10 

-.005 ! 

i 4 100 

« l)uroe-.lei.sey, Herksliite, 

Polaml ('hina, 

Chestet White, Hampshire, Yorkshire, 

and 

'I'amworth 


ANALYSIS OF DATA 

The average size of all litters involved is 9. 00 ])igs (Table 1), as 
eoiiipared with 8.1 found by Carmichael and Rice.* The average 
size of litter in piesent woi'k was determined by including litters oiil}^ 
from dams that produced more than one, all dams producing only 
one being eliminated. This fact may account for the higher average 
found in this study as compared to that reported by Carmichael and 
Rice. 

Rommel, ^^’working with registration records, found the average 
size of litter for Duroc-Jerseys over a period of 10 years (1893-1002) 
to be 9.20 pigs and the average size of litter for Poland Chinas over 

(Jakmich VKr., W J., and Rice, J. B vabiationsin farrow with special reference to the birth 
WEIGHT OF PIGS. Ill Agp. K\pt. Sltt. Bill. 221), 1 ), Ulus. 1920 

♦ Rommel, tl M. the fecundity of Poland china and duroc-jersky sows. U. fa. Dept. Agr., Bur. 
Anim. ludiLS Circ. 95, 12 p 1900. 
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a period bf 5 years (1898-1902) to be 7.52 pigs. In the present 
investigation the average size of the Duroc-Jersey litters was found 
to be 9.93 pigs and the average size of the Poland China 7.91. 

There is a marked increase in size of litter wdth increasing age of 
the dam until about 4)2 years. (Fig. 1 and Table 2.) All breeds 
combined show an increase in size of litter from 7.3 pigs at 1 year 
to 9.4 pigs at 4)2 years, after which there is a gradual decrease to 7 
pigs at 7 ,years. 

(Jarmichael and Rice ® found that the average size of litters of all 
breeds combined reached its peak at 3 years instead of 4 Jo as found 
in this study. This may be due to the ration and management of 
the herd, and the selection of more prolific individuals since the 
work of Carmichael and Rice. 

Hammond ® concludes from an investigation of the number of 
corpora lutea present in the ovaries and the number of fetuses present 
in the uteri that the lower fertility of young sows is due to the forma- 
tion of a smaller number of ova. 

Is the average size of litter during the reprodu(*tive life of the sow^ 
affected by the age at wdiich she is first bred? Data are presented 
in Table 3 show'ing the difference in size of litter produced by sows 
bred at different ages. Since no difference w as found among bieeds 
in this respect, records of Duroc-tJerscys, Berkshires, and Poland 
Chinas were combined. (Table 3.) The litters from sows that pro- 
duced only one litter arc eliminated. The difference is determined 
between the average size litter of the group that farrow ed their first 
at 12 ^ months and the average size litter of the group that farrowed 
their first at 18 months. The average of the sows that farrow^ed 
their first litter at 12 months wuis 8.52 pigs, based on 453 litters. An 
average of 8.24 pigs per litter for the group of sows that farrowed 
their first at 18 months was ol)tained, based on 183 litters. The 
difference 0.28 ± 0.158 is not significant. 

Because of the great variation in size of first litters, these were 
eliminated in determining the difference of the average of each gioup. 
An average of 8.98 pigs per litter for the group that farrowed the 
first litter at 12 months was obtained, based on 329 litters. The 
average of the group that farrowed their first at 18 months was 8.49 
pigs per litter, based on 127 litters. The difference 0.49 1 0.173 is not 
significant. 

Evidently breeding sows at an early age does not increase their 
fertility. How^ever, no evidence was found to show' that breeding 
sows as young as possible lowers fertility. On the other hand, early 
breeding makes possible a greater total num]>er of pigs during the 
breeding life of the sow and also has the advantage of enabling the 
breeder to detect barren females earlier than would otherwise be the 
case. 

The number of litters involved in the group in which the litters 
were farrowed at 2 years of age are so few that no conclusion can be 
drawn. 

In Table 4 arc shown coefficients of correlation betw^een the size 
of litter at a given age of the sow and size of litter at later ages. A 

• Carmichakl» W. J., and Kick, J. B. Op. cit. 

• UAMMONI), j . on home factors controlling FERIIUTY IN DOMESTIC ANIMALS, JOUT* Agr, Sci, 
[England! 6: 12631-277, illiis. 1914. 

’ Farrowed in the interval between 10 and 15 months, inclusive. 

• Furowed in the interval between 16 and 21 months, inclusive. 
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marked correlation (r-^ +0.313^0.055) is observed between the size 
of litters farrowed at 1 year and the size of litters at 2 years in which 
114 litters arc involved. 

There is also a significant correlation between the size of litter at 
2 years and the size of litter at 4% years, +0.508 ± 0.106; between 
2% and 3K years, r- +0.526 ±0.072; between 2}^ and 4 years, 
r + 0.477 i: 0.098 ; lictween 3 and 3K years, r ---- + 0.425 ± 0.085 ; 
between 3 and 4 years, r I 0.415 ± 0.078; between SK and 4 years, 
r ~ + 0.603 ± 0.067. 

The numbers involved in the correlations between the size of one 
litter and the size of the succeeding litters in Duroc-Jerseys, Berk- 
shires, and Poland Chinas separately are, in general, too small to 
be significant. (Table 5.) 

Among all breeds a significant correlation is observed. (Table 5.) 

Botweoii the first luul kocoikI liilors, r— H 0 341 ±0.030. 

Between the first iinri tliird litters, r— 1 0.232 ±0.052. 

Between th(‘ first and fourth litters, r-~*±0.267d 0.064. 

Befw(M*n the second and third litters, r— ±0.3G7± 0.042. 

Between tlie second and sixth litters, r — d*0.6664±0.05S. 

Between the third and fourth litters, r~d 0.367 J 0.059. 

Between th(‘ third and fifth litters, r - \ 0.542 ±0.050. 

Be1wt*en tlu' fourth and fifth litters, r— ±0.441 0.067. 

Betw'een the fourth and eighth litters, r— i-0.57S±0 120 

The correlation Itctwcen the size of the first litter and the average 
of the second, third, and fourth ^ith 98 litters involved was found to 
be A -'±0.232.1 0.()()5; the correlation between the size of the first 
litter and the average of the second, third, fourth, and fifth with 67 
litters involved was found to be 4 0.195 \ 0.079; the correlation 
])et ween the size of second and the average of the third and fourth 
with 98 Jitters involved was found to be 1 0.409 ±0.059; and the 
(‘orrelation between the size of second and the average of the third, 
fourth, and fifth with 67 litters involved was found to be 1 0.290 
±0.075. 

The correlation bel.vveen the size of the second litter and the average 
size of succeeding litters is more significant than the correlation 
between the size of the first and the average size of succeeding litters. 
The correlation between the size of the lirst litter and the average 
size of succeeding litters is less than four time's the probable error; 
while the correlation between the size of second litters and the average 
of succeeding litters is more than four times the probable error. 

The higher coeflicient of correlation ol)taincd between the second 
and succeeding litters is due to the greater variation in the size of first 
litters. The greater variation in the size of the lirst litter is clearly 
shown in the calculation of the coefficients of variability of the first 
and second litters involved in the correlation. (Table 6.) 

Table ia.- -Cocfficic7ii of variability of the first a7id second litters 


Litter 


Number of 
litters 


Coefficient j 
of varia* j 
bility 1 


Probable 

error 


08 I .36.64 

98 I 28.95 


First.... 

Second,. 


il.fi 

±1.3 
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' SUMMARY AND CONCLUSIONS 

In general the size of litter increases with the age of the dam up to 
about 4% years, after which a gradual decrease occurs. 

The fertility of a sow is not affected by the age at which she is 
liist bred, but the results of this investigation show that it is advisable 
to breed the sow young, since more pigs will be produced throughout 
her breeding life. Moreover, early breeding makes ])ossible early 
elimination of barren individuals. 

A significant correlation exists bcitween the size of litter farrowed 
at a given age of the dam and the size of litter farrowed at later ages 
of the dam. 

Where sufficiently large numbei-s of litters were available for study 
signifi(!ant correlations w^ere found between the size of a given litter 
and the size of succeeding litters. 

A high correlation exists between the size of the second litter and 
the average size of later litters. 

The coefficient of variability in size of first titters is greater than 
in the size of second litters. 

This study shows that size of litter is a valuable criterion in selec- 
tion for fertility. 



EFFECT OF CEANOTHUS BRUSH ON WESTERN YEL- 
LOW PINE PLANTATIONS IN THE NORTHERN ROCKY 
MOUNTAINS* 

By W. (i WAHLENHERfi 

Formerly Assistant SilnicuLlunst, Northern Rockij Mountain Forest Experiment 
Station, Poorest Sei'virr, Ihuted States Department of Agriculture 

INTRODUCTION 

Forest planting in the northern Iloeky Mountain region is largely 
eonlined to areas that have been burned over twice, the second 
burning occurring during recent years. I^lanting crews can operate 
on these ^‘double ])urns’^ with relative ease because the fires liave 
removed shrnl)s and other obstructions. Unfortunately ])1anting 
activity on forest lands is not keejung pace with the accumulation 
of ar(*as dcunuied f)y fire, and as time passes these Jands rapidly revert 
to shrubl)y growdh from the uninjured roots of the original bushes 
and from wind-borne seeds. Released from com])etition, other than 
that of herbaceous f)lants, the bushes frequently usurp the area. 
This is especially true of (^anofhus relutinus on southerly slopes. 
(Vrtain areas are considered ^^too brushy to plant because of the 
mechanical hindrance of the bushes. On other areas those in charge 
of this work feel uncertain as to wdiether or not the beneficial effec’t 
of shade from the bushes is greater than the detrijuental effect of root 
competition. Hence, when confronted with a bush in his path, 
the planter lacks instructions about the proper location of his seed- 
lings. Each planter, therefore, follows the line of least resistance by 
avoiding the bushes as much as possible and setting his trees in the 
inteiverung sj)aces, A desire for definite information as a basis for 
inii)roved practice led to the experiments reported here. 

EARLY WORK WITH VARIOUS SPECIES 

Observations made in other regions on the effect of vaiious shrubs 
on conifer seedlings may be mentioned briefly. As early as 1912 
Kimball and Carter working with white pine in Massachusetts, 
observed that medium or heavy low shade with root competition 
apjieared })referable to no shade and no root competition. Jjater 
TIofman (J), working in the C^ascade Mountain region, concluded 
that shade was not an important factor in reforestation except when 
the site is very poor or the shade very dense. Still more recently 
Show (10), working principally with western yellow pine in California, 
reached these conclusions: 

1. Brush cover increases survival, and the ])enefit of shade is greater on poorer 
sites, for less drought-resistant s})ecies, and for poorer stock. 

2. The quality of work done in planting improves as the brush cover decreases. 

3. The influence of different sficcies of brush is found to vary greatly. Man- 
zanita is least detrimental to success in planting. 

4. Increased shading results in increased height growth. 

> Received for publication June 13, 1930, issued October, 1930. 

2 Reference is made by number (italic) to Literature Cited, p. 612 
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From the early forest planting work in northern Idaho and western 
Montana it was evident that trees planted in the shelter of stumps and 
fallen logs usually survived better than those set in more exposed 
spots. The difference in moisture conditions seemed to be what 
affected the trees. These casual observations were verified by a 
special test in the spring of 1923 in which 800 trees were planted and 
half of them sheltiu'ed by shingles driven into the ground close to 
each plant on the sunny side. Two hundred >vestern white pines 
{Pirrus irumticola) on a northw’cst slope and a similar number of 
western yellow pines (7\ ponderosa) on a southwest, slope were shel- 
tered in this way. Survival of both species of trees was liigher when 
sheltered than when in the open. It seejued natural to expect that 
the effect of brush on trees, so far as the tops only w^ere concerned, 
sliould be similar to the effect of tlie logs, stum])s, and shingles. That 
the adverse effect of root competition might more than offset the 
benefit of shelter wuis suggested by tlie results of another test made 



Fk,i^re 1,--East slope bearing a scattered stand of Ceavothus velut'mus. This was the site of 

the test pfantation 


that year (1923). Trees planted under buslies of various species 
and sizes did not do so well as similar ones planted in the open. 
No conclusions were possible, however, because of the small number 
of trees and the lack of adequate experimental control. These pre- 
liminary tests indicated the need for more intensive experiments. 

EXPERIMENTS WITH YELLOW PINE AND CEANOTHUS 

INSTALLATION OP TESTS 

In the sjiring of 192G a mountain slope, considered typical of much 
of the land in need of planting in the region (fig. 1), was selected for 
the experiment, near llaugan, Mont. It was a portion of the area 
burned in 1910 and constituted a unifonn easterly slope bearing an 
evenly scattered stand of Ceanothus velutinus. The bushes consisted 
of numerous stems branching from the root collar, at which point 
the oldest stems were found to range from 10 to 14 years of age. 
However, most of the stems were found to be only about half as old 
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and in tlieir more or less sprawling position rose only from 2 to 4 
feet from the ground. In tliis experiment it was desired to study the 
effect of hrusli on western yeJlow pine, independently of shade from 
other objects. Accordingly the area selected was one having a 
minimum number of dead ti'ees either standing or down. 

The trees for planting were taken from the general run of 1-2 
western yellow ])ine stock at Sa venae nursery after the most poorly 
developed specimens had been rejected, a number amounting to ISK 
])er cent of the total. Roots were pruiu'd to a length of S inches. 
Six hundred biislics well distributed over the mountainside wove 
selected, and three trees were planted (April 9-1;!, 192(5) on the slojie 
just below each bush. One tree was ])laced well under where it 
received much shade and root competition; one was placed well out 
where it received no root coinjietition from bushes and very little, 
if any, shade; and th(‘, third tree was set in an intermediate jiosition 
where it received some shade and doubtful root competition. This 
intennediate position was under the outer edge of the crown of each 
bush. All trees were planted by the same man in a uniform manner, 
using the jiiethod standardized for Forest Service plantingin the region. 

ENVIKONMENTAL FACTORS WORTHY OF STTTDY 

Apparently inconsistent I’csults are often ol)tained from experi- 
nuuits witti plants simply because of a dearth of information con- 
cerning some of the factors involved, llow^cver, the multiplicity of 
these factors and the impossibility of studying them all at any one 
time or place, necessitates the attempt to measure (mly a few and to 
control or eliminate tin*, inthience of others. In this experijuent only 
the factors believed tf) be of most vital importance were studied. 
Years of experience indicate that of all environmental factors, mois- 
ture relations are the most influential on the life of planted trees. 
This was recognized by Korstian (7) working with uestern yellow 
pine in Utah. Although light was not studied in this experiment, 
l)ecause of the lack of suitable instruments and the belief that its 
role is subordinate to that of moisture, a study was made oi the 
more readily measurable, and probably more significant, temperature 
relations. 

When soil-moisture determinations can be cxjjressed in terms of 
moisture available to the croi> studied, their significance can be much 
more readily interpreted than when they are expressed in terms of 
total moisture. Accordingly, from several ])oints scattered over the 
site of the test ])lantation, soil samples were taken to represent the 
upper 8-inch layer of soil. This earth was then used in the green- 
house for a (letermination of the wilting coefficient for w^estern yellow’ 
pine. The method used was that advocated by Bates and Zon (8). 
The w^eighted averages cjuploved in this method gave these results: 
Pan No. 1, 4.1 per cent; pan No. 2, 3.(5 ])er cent; or an average, 
approximately, of 3.9 per cent, as the wilting coefficient. This 
figure was then applied to the results of Geld and laboratory determi- 
nations of total moisture, expressed in percentage of oven-dry weight, 

and showui in Table 1 . i i i r 

The death of plants from drought is due not only to the lack ol 
available soil moisture but almost equally to the loss of moisture 
through transpiration of the tops. The external factor most directly 

18496—30 3 
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affecting transpiration is evaporation, depending as it does on the com- 
billed influence of wind, temperature, and humidity, each of which is 
recognized as an important factor in the survival of plants during 
jieriods of drought. Ac-c-ordingly, a study of evaporation was made 
involving the locations of the western yellow pines planted under 
CVanothiis. A tv])ical bush was selected near the center of the plan- 
tation and two Bates evafxirimeters were placed underneath, two in 



P'kiuke 2."~Vie\v of inslrutuents as installed for a study of evaporation and temperature in rela- 
tion to Ceanolhus brush 


the open space on the slope below, and one at the intermediate posi- 
tion undcu* the edge of the crown. (Fig. 2.) A continuous record of 
evaporation at these three points was thus obtained for the 81 days 
from June 17 to September 6. Thus the figures given in Table 2 
have a sufficient basis to show the average relative rates of evapora- 
tion under and away from the bushes during the summer period. 

No thorough study vras made of atmospheric humidity as an 
independent factor. Theoretically absolute humidity, because of 
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transpiration from the foliage and evaporation from the moister soil, 
would be greater under the bushes than in the open. This condition, 
and also the lower air temperature in the shade, would cause a still 
greater contrast in relative humidity under the brush and outside. 
Such a contrast, if it acjtually exists over small areas, would naturally 
be greatest when the sun shines and no wind is blowing. Direct 
measurements of relative humidity with a cog ])sy chrome ter on two 
calm and sunny days gave the figures shown in Table 3. Undoubtedly 
average conditions, had they been determined, would show similar 
though less marked <iontrasts. 


Table 1. — Soil moisture in relation to Ceanothus 
[Moisture in iiercentaKe of ovoii-dry weight of soil] 


Onto 


1920 

July 7 

1 ) 0 . 

Do 

Aug 7 

1)0 

Do 


Position relative to Brush 


I Basis I 
i (samples) i 

I 


! Open ... 

Intermediale. 

I L'udor 

Open 

' InteriiiediatP 
' Under. 



Number 
7 I 
1 . 
7 ' 
7 1 
1 ! 
7 I 


Total 

moisture 

Uvailnble 

™nt 

Per cent 

1 

Per cent ' Per cent 

(} 2 

3. 9 ; 2 3 

9.1 

3 9 ; 6 2 

9.4 

3 9! 66 

3 6 

3 9 : 4 

.1 2 

3 9 ! -. 7 

4 6 

1 3 9 1 .0 


T^ble 2.-- Evaporation in relation to (^eanothvs 
[Averages per 2^1-hour du\] 


Dates 


1»2« 

Juno 17-.7 uric 29 .. 

June 29- Aug 3. . . 

Aug. 3-Sepi. . 

June 17- Sept 0 


Position relative to hush 


I’enod 1 

1 

! 

I'uder 

InteniiP- 1 
diate 

Open 

Days \ 

Ora ms 

Grams 

Grams 

11 H 1 

5 

7 

D 

36 0 1 

(> 

]() 

16 

34 2 1 

4 

6 

7 

81 0 1 

5 

S 

11 


Table 3. — Relative humidity in relation to Ceanothus {read from, cog psychromeier) 

I Position relative to bush 


Date 


July 2. 
July 


Average 


I Umler 


I- 


J*er cent 
62 
44 

63 


Intermo- 
diato Open 


Per cent Per cent 
48 47 

40 33 


44 


40 


That soil temperatures are influential in plant life is generally 
rocognized. The influence of forest cover on soil temperature has 
been studied recently by Li (e9). He found that the forest cover near 
Keene, N. H., reduced the maxima, minima, and means of soil tem- 
peratures at all depths through the summer. This forest cover con 
sisted of a canopy of trees and the litter of the forest floor. Brush 
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cover might reasonably be expected to have a similar, though less 
marked, effect. Kecords were obtained by the simultaneous operation 
of two carefully adjusted soil thermographs with soil bulbs extend- 
ing from the surface to a depth of 8 inches, one under brush, the other 
in an adjacent opening. Tliese thermograph traces form the basis 
for the graph shown in Figure 3. Apparently the brush had a marked 
efl'ect in lowering soil temperature and reducing its range within the 
up])er 8 inches where the planted roots are. Bates emphasizes 
the importaiK^e of high tem])eratures at the surface of the soil, and 
Touniey (1J) found that the surface temperatures varying from 122° 
to 131° F. killed very young, tender conifer seedlings. Although 
such high temperatures might not be actually fatal to the 3-year-old 
trees planted in these tests, it was thought that they might easily 
atfect thrift and early growth. Thermojueters observed during the 
period from June 17 to vSej)tember 6 indicated the following maximum 


femfii't'ature at tntermeeftafe 
Soil temperaft/re jn the open 
>Sot/ ten^perature unc/en Ceanothus 



Fk.tre 3.-- Thorinogrn]:)li tracings showing relations of air temperatures niul soil temperatures 
to a depth of 8 inches on planted area during last week of August, 


surface soil temperatures: Under Ceanothus 94°, intermediate posi- 
tion 138°, and open position 145°. 

EXAMINATION OF TREES 

When the western yellow pines planted in the Ceanothus brush 
field were examined in August, 1 926, the foliage of the current year’s 
growth on shaded trees was strikingly different from that on the 
unshaded ones. Under Ceanothus the needles on new shoots wore 
longer, thinner, and more delicate in appearance than those grown in 
the open. The needles within each fascicle on shaded trees were well 
separated from eacdi other in the normal way, whereas on trees stand- 
ing in the open the new needles had not separated. Those open- 
grown needles were very noticeably shorter and thicker than those 
grown in the shade, although not as thick as the long, mature western 
yellow pine needles from older trees. These differences in external 
appearance of shade-grown as compared with open-grown needles 
were so marked that it was thought worth while to look for corre- 
sponding differences in internal structure. Korstian (8), working 
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with 3-yoar-old Douglas fir {Pseudotsuga tajrifolia) seedlings in seed 
beds at the Cottonwood nursery in Utah, found that the leaves of 
shaded plants had a less compact structure, thinner epidermis and 
cuticle, more spongy t issue, closer lying cells, and less deeply depressed 
stomata than jdants growing in the open sunlight. Laboratory 
study of the yellow i)ine needles failed to reveal any such significant 
differences in cell structure, but it served to illustrate more clearly 
the relative size of the needles as a whole. Figure 4 shows tliat the 
shade-grown n(»(‘dles, although a])parently healthy and normal in 



Fk.iire J.' The (linarani .shows the rtMafnc si/c of needle fjisckle.s rone-lialf Jictuol si^e) and cross 
sechons of noodles (nuninifioil soventy-fho limes) from 3-ye‘ir-old western vellow’ piiio trims- 
lilunts planted ( \) under :i Ceanotlms bush and (11) in the open 'I'ho h)?uro also shows {C) 
fascicles and cross section of a l.i-.\ oar-old, naturally seeded, open-|jrown, wesicrn yellow piuo 
from the same area. The internal structure of A and B is similar to that shown for O 

structure, were much more slender and dcli(‘.ate than the needles from 
an older open-grown and naturally seeded yellow pine. The needles 
from the tree planted in the open were intennediate in thickness and 
doubtless would also have been intermediate in lengtJi had it not been 
for the action of drought. Obviously drought caused a cessation of 
development in these new needles, leaving them short and closelj’^ 
appressed in the fascicle, as shown in the drawing. This did not. hap- 
pen to the new pine needles under the Ceanothus because of the 
greater soil moisture and less desiccating atmospheric conditions exist- 
ing there, as indicated by the above tables. 
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It was evident that under the bushes evaporation was less, and that, 
at least during periods of little wind and much sunshine, humidity 
was higher than in tlie open. Furthermore, as indicated in Table 1, 
by the end of the first week in August the moisture available to west- 
ern yellow pines planted in the open had been completely exhausted, 
whereas a little available moisture still remained under the bushes. 
This observation led directly to an examination of each of the 1,800 
trees in the plantation, since, theoretically at least, the trees in the 
open should be found dying in large numbers as a result of the more 
intense drought in the open spaces. Tlie actual condition of the plan- 
tation at that lime is shown in Table 4. 

Table 4:.~~~Avcrfigc condition on August 20 of western yellow pines ^ planted April 

. 9 - tS, 1026^ awojig Cennothns hushes on an east slope in western Montana 


Thnft.N 

rnthrifty_. 

Mive 

Doiul , 


* Open 

i 

lutenne- 1 

Under 

1 position 

diule 1 

thus 

i 

• /Vr cfTit 

Per C( nf 

1 Per ecrif 

j 40 

57 

1 SO 

1 U 

11 

I 

fhi 

ns 

HO 

47 

i 

u 


“ Basis, COO trees in each of the three positions. 


This table indicates clearly that the trees planted (dosely under the 
brush survived best during the dry season following spring planting, 
Jt seemed that the problem was already more than half solved because 
the first dry season is always the most ci’itical time in the life of the 
planted trees. The possibly keener competition in the future between 
the more deeply penetrating roots of the trees and shrubs is not 
especially to be feared, because the shook associated with planting 
will have been outgrown and the tops of the bushes will still provide 
beneficial shelter from extreme atmospheric conditions. So far as 
the attainment of high survival is concerned, it seems safe to i-ecom- 
mend that yellow pines be planted as close to Ceanothus bushes as is 
practicable without appreciably lowering the quality of planting. 

However, this early high survival unoer brush will be useless if the 
bushes ultimately ^‘smother out^^ the trees. It is not always true 
that those environmental conditions which favor plant life in general 
favor both survival and growth. Sometimes the same conditions 
that favor survival retard growth and vice versa. Such an observa- 
tion was made on western white pine in an earlier study (J£), in 
which trees planted on a steep northwest slope survived best of all 
the lots tested but grew least rapidly, while the trees on the severe 
west slope survive(| least well, but ^ew most rapidly during the first 
three years following planting. Similarly in the present study it 
may be found that the conditions that favored high survival undei* 
the bushes may bo such as to retard growth of the trees. However, 
it does not seem likely that Ceanothus can permanently suppress 
these yellow pines when one considers the prevalence of brush fields 
following destructive fires and the widelv accepted idea that all 
stands of timber represent a more advanced stage in plant succession 
in timber regions than do the shrub types. Proof of the natural 
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(lorninance of the trees or brush in this experiment can be finally 
obtained only by observation of the trees year after year until they 
liave either (lied or grown out above the bushes. In the meantime 
it seemed desirable to gatlier empirically some evidence of the ])robabl(‘ 
result of this assoiuation of brush and trc'es. About a week was spent 
in scouting through various brush areas to observe whether or not 
naturally seeded trees were successful when they happened to start 
life close to various bushes, especially (kninothus. A special hunt 
was made for trees that had emerged above the lirush or died in the 
attem])t. In several cases, where yellow pines were found emerging 
above dense brush, the trees were found to stand but a few inches from 
the root collars of older bushes, a condition indicating that the 
liushes had a start in the ra(‘e with trees that grew well within the 
soil areas the l)ushes utili/.ed. Although many instances were found 
of trees successfully emerging after apparently keen competition, 
it seems significant that only one failure was discovered. No sta- 
tistical summary of tliese observation can be presented, but Figures 5 
t.o 8 illustrate sjiecial case's which have a bearing on the subject. 

Such observations ajipear to indicate that brushes hinder growth of 
tree seedlings only temporarily, if at all, and that such hindrance 
will inerease the rotation pe'riod in timber growing by a negligible' 
amount. 

(Vanothus is one of the fe'vv nonleguminous plants that is suspected 
of harboring bacteria that add nitrogeui to the soil in available form. 
Arzberger (l) and Bottomley (4) report finding root noduk's on this 
genus and the writer has observe^d theun on the roots of the local 
sj)('(ues. That nitrogen in a form availalile for the use of ])lants is 
lost from the soil as a result of forest hies is often overlooked. Yet 
available' nitrogen is one of the ek'me'nts of soil fertility that most 
jirofoundly alfecls the growth of trees. If stands of CVanothiis fix 
nitrogem in the soil in appreciable amounts on burned areas, they 
may increase the rate of tree growth for many years aftew their pro- 
tection against loss of trees from drought is no longer needed. Kx(*,ey)t 
in fully and evenly stocked young stands of pine, (Vanothus bushes 
fre'quently live'- among the trees during their sapling and jiole stages 
or longer^ and as long as the shrubs do so persist they may be stimu- 
lating the growth of the timber, and thus Ceanothus may be an 
asset even beyond its early benediedal effect in forest regeneration. 

SUMMARY 

During dry summer weather in western Montana it was found that 
under Ceanothus brusli atmospheric evaporation was less, relative 
humidity greater, soil temperature lower, and soil moisture greater 
in amount than in adjacent open spaces. As a result of such condi- 
tions it was also found that survival of western yellow pines during 
their first dry season following field planting was much higher undei* 
the bushes than in the open. Although future records of growth are 
needed to show definitely whether or not the trees under the brush 
can successfully emerge, observations of natural reproduction indi- 
cate that brush can not permanently suppress tree growth. 
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Fiourk 6.— a, Tbo western vollow pine seedling, in front of the white paper, Is T) years old and 
14 inches tali. The .sorvice*berry bush is 8 years old and 1 1 feet 5 indies tall. Both arc in thrifty 
condition; B, this yellow jime is 8 years old and 4 feet 7 inches tall, and the willow hush is 
11 years old and 8 feet 7 inches tall. In spite of the fact that the pine stands in actual contact 
with the root collar of an older and thrifty bush, the tree grew about 8 inches during each of the 
last 4 years; C, this western pine is 10 years old, 5 feet 9 inches tall. It stands In contact with 
the root collar of a lO-year-old alder bush that is 14 feet 4 Inches tall. Although the tree is slender, 
as a result of the dense shade, it is healthy and growing 
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l-'Kri Hf 7— wcstorn yollow pine* m tho oontor spianfj fioiji soed and it> now oniorginn above 
(lenso Oimothus brusli Tlu* ll-jeui-old tiee stands 13 inehes from the loot (.*ol)ai of a 13-year- 
old busli 



Fkhtke 8 —The eentor pine in this picture spraiiR from seed 13 years ano. It is now w'ell above 
the 14-year-old Oauothus bushes that crowd it from all sides. Thu root collar of the nearest 
bush is 7 inches from the base of the tree 
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THE NATURE OF SMUT RESISTANCE IN CERTAIN 
SELFED LINES OF CORN AS INDICATED BY ULTRA- 
TION STUDIES ^ 

By Kmery R. Ranker “ 

J'\)rinorly Associate PJiysKtloifist^ Office of (Ureal (U'ops atid Diseases, Bureau of 
Plant Indnsini, United States Department of Agriculture 

INTRODUCTION 

One of tlie prime (*onsi(lerations in the selection and breeding of 
cro]) plants is the develojnnent of strains that are resistant to or 
ijnmune from disease. Jn general, however, rehitivel^y little is known 
of the fnndajnontal nature of disease resistance in ])lants. Such is 
th(*. case in iTgard to resistance of corn (Zeci rnaj/fi) to smut. The 
corn breeder has pnxhu'ed jiiany lines and crosses resistant to smut 
and has discovenxl jiiany facts in regard to the inheritance of re- 
sistance and susceptibility in corn," yet the fundamental nature of 
its r<‘sistance is not known. 'J^his paper ])resents the results of 
ex])eriments to deterjuine whether or not the juices of the various 
parts of c(M*tain resistant strains of corn are factors in resistance and 
whether or not they contain a susbstance inimical to the growth of 
the smut furtgus. 

MATERIALS AND METHODS 

In order to pr(»vide i)lant material of delinit-o genetic constitution 
and of known smut nuiction under liehl conditions, sclfed lines of 
corn and their crosses were used. 

I'he smut used to furnish inoculum for the filtrates was selected 
frojii a group of collections made in various parts of the United States 
during the summer of 1927 and was cultured frojn gall tissue. The 
collection number of each smut and the locuility in which it was 
collected are as follows: No. 3"2, flemson College, S. C.; No. 34-2, 
Mesilla Park, N. Mex.; No. 50-1, Davis (\>unty Experiment Farm, 
Utah; No. (>0-2, Manhattan, Ivans.; No. 74-2, Cniversity Farm. 
St. Paul, Minn.; No. 92-2, Provincetown, Mass. 

The corn plants from whhdi the juita^s were extracted were grown 
in the', greenhouse during the autumn and winter of 1927-28. The 
experiments were repeated on plants from the same lots of seed grown 
in the field at the Arlington Exjicriment Farm, Kosslyn, Va., during 
the summer of 1928. llie plants used were cut and separated into 


^ Kceoivod for t)Ublicati()ii July J4, 1930, issued October, 1030. 
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leaf, stalk, and husk parts. Those were ground separately through 
a mill equipped with medium-grade plates. The grouna material 
thus obtained was weighed and the juice extracted for one and one- 
half minutes by means of a hydraulic press at a pressure of 4,000 
pounds. The extracted juice was measured and filtered immediately. 
The filtration apparatus used in this work has been described in de- 
tail in a previous paper,’’* 

The apparatus in operation is illustrated in Figure 1. 

When sufficient filtrate had been collected in the 250 c. c. Erlen- 
meyer flasks, the vacuum was released very slowly. The flasks were 
then disconnected so that each carried the rubber stopper, the bent 
glass tube filled with sterile cotton, and the short rubber-tube con- 
nection (with the screw clamp firmly set) attached to the side arm. 
The liquid in each flask was thus protected against contamination. 
The filtrate was removed from the flask by pouring it out through 
the side arm, after the rubber-tube connection had been removed and 
the tip of the side arm gently heated. 



FiaiTUK 1 —Battery of filtration unitb in operation Mo.st of the vviMK'bt of oaeh unit is suppoitiMl 
by the burette clamps around the necks of the Erlenriieyer flasks confainiiiK the filtrate l'ln' 
vacuum is connected by means of glass T tubes and thick-wallod rubbei tube'? of suitable length 
All connections not subject to sterilization are shellacked to guard against possible leaks 


After all the flasks of a filtration battery had been disconnected, 
they were taken into a previously steamed transfer room. Here 
5 c. c. portions of the sterile filtrate were measured into sterile test 
tubes and inoculated with one drop of a smut culture that had grown 
six days in a nutrient solution. 

When the work was first started the filtrates were measured and 
inoculated by means of sterile pipettes, but this method was extremely 
slow and resulted in a large number of contaminations. A rapid 
and satisfactory method involving the apparatus shown in Figures 2 
and 3 was worked out. The following technic in using the apparatus 
was found successfid. It was first assembled and sterilized in an 
autoclave at 15 pounds pressure for 30 minutes. Then the test tube 
over the end of the burette was removed and the sterile filtrate was 
poured into the burette from the filter flask through the side arm of 
the flask after the rubber connection had been removed and the tip 
of the side arm had been gently heated. The cotton plug in the mouth 

« Ranker, E. R. ApPAiiAxua and methods for obtaining sterile filtrates of biological fluids. 
Phytopathology 20: S69-673. 1030. 
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Figure 2— Apparatus used in 
measuring (A; anti inoculating 
(B) sterile plant filtrates; A, 
Burette for holding a sterile fil- 
trate of oxtra(!ted juiw from 
(!Oin; B, inoculum tube for 
holding the liquid medium con- 
taining coiudia of Ustilago zeae 
in pure culture. The outlet tips 
with protecting shields are 
shown just above the lower- 
most cotton plugs in A and B 
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I’lOUBB 3.— Apparatus shown in Figure 2 sot up for operation: A, Burettes containing filtrates; 
B, tubes containing inoculum. The lower cotton plug has boon removed from one Qf the hU' 
rettes to show the manner of exposing the outlet tip as described in the text 
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of the burette was reinserted after the burette was filled. The in- 
oculation device (fi|?. 2, B) was filled with inoculum in a similar 
manner. The cotton plug protecting the outlet tip of the inocula- 
tion tube was removed and the screw clamp so adjusted that the in- 
oculiim would come out at the desired frequency a drop at a time. 
The sterile test tubes were filled from the burettes with a measured 
(luantity of the sterile filtrate. After each tube was filled it was im- 
mediately ppsed under the inoculation tube to receive one drop of 
the proper inoculum and then replugged. The cotton plugs pro- 
tecting the burette tips were not removed until just before the sterile 
tubes were filled. The glass shields around the outlet tips were 
large enough to adrriit the mouth of the test tube readily, but small 
eiiough to make it im])Ossible for the test tube to come in contact 
with the outlet tip. All of the special glass apparatus shown was 
juade from Pyrex glass. 

Triplicate cultures of each smut were [)repared as above described, 
and the cultures were allowcid to grow at room temperature for a 
j)criod of one month or six weeks, the period being the same for 
comparable lots. At th(‘, end of the incubation period the amount of 
growth of the smut was mea.sured in terms of the quantity of fungus 
obtained by C(*ntrifuging at 1,S0() revolutions per minute for three 
minules. Small conical centrifuge tubes, having standardized calibra- 
tions reading to one-tenth of a cubic centimeter, were used. 

RESULTS 

USING FILTRATES FROM WHOLE CORN PLANTS 

Preliminary experiments were undertaken in which filtrates were 
used that had been obtained by grinding the whole plant excluding 
the roots. Material representing most of the available smut-resistant 
and smut-susceptible selfed lines and crosses was tested. Some differ- 
ences were observed in the quantity of smut developed in the various 
filtrates, but these were not significant. There w^as abundant growth 
of all the smuts in all the filtrates tested. In no case did any of the 
filtrates show^ an apiirecialile inhibiting effect on the growth of 
Ustilago zeae. This was true regardless of whether the filtrate was 
obtained from the juice of a resistant or a susceptible selfed line or 
cross. 

USING FILTRATES FROM VARIOUS PARTS OF CORN PLANTS 

A second group of experiments vras made in which filtrates obtained 
from various parts of the plant were used. The plants were grown 
in the greenhouse at the Aifington Experiment Farm during the 
early autumn of 1927. They were allowed to develop until the silks 
appeared. At this stage, or during the week following, the plants 
were harvested and separated into husk, leaf, and stalk parts. The 
filtrate juices of these parts were used in tests as above described. 
The results from representative plants are given in Table 1. 
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Table 1. — Growth of Ustilago zeae in sterile unheated filtrates of expressed juice 
from husks f leaves, and stalks of plants of selfed lines and crosses of smut-resistant 
and smut-suscepilble corn grown in the greenhouse at Arlington Experiment Farm, 
Rosslyriy Va., during autumn of 1927 





1 Growth of smut culture No 


Host material 

Degree of resist- 
ance “ 

Part of 
plant used 

! 

1 

1 






1 


1 3-2 

! 34-2 

5(1-1 

60-2 

74-2 

92-2 



Husk 

1 

! 0 03 

0 07 

0 03 

0.02 

0.05 

0.07 

Silver King No. 67... . 

nigh.— . 

Loaf 

15 

.20 

. 15 

. 10 


. 15 



Stalk 

.70 

.45 

. 55 

. 50 

.60 

.40 



Husk 

. 10 

. 10 

. 10 

. 10 

.10 

.15 

Silver King No. 72.-- . 

do 

Leaf 

.2.5 

.30 

.25 

.20 

.25 

.30 


1 

Stalk 

.70 

.70 

.f50 

1 00 

.70 

.70 


1 

Husk 

. 05 

.05 

.00 

. 05 

.07 

.20 

Rustler No. 35 

do ... 

Leaf 

. 10 

. 11 

. 10 

. 10 

. 12 

.20 


1 

Stalk... . 

.00 

70 

.00 

.70 

.70 

. 05 


j j 

Husk 

.40 

. .30 

.46 

.30 

.40 

. 35 

Salmon Silk No 14 

’ Medium 

Leaf 

. 15 

. 16 

.15 

.20 

.15 

.20 


1 1 

Stalk 

i .90 

.90 1 1. 10 

1.05 ! 

1.05 

.80 



Husk 

; .70 

.cSO 

.70 

.70 1 

.70 

.70 

Kansas Sunflower 33S9(3j X3400(7) . 

Medium to high_.| 

Leaf 

. 00 

. (>0 , 

. 50 

.45 1 

.55 i 

. 6.5 

Stalk 

1 J 05 

1. 30 1 

1. 25 

.90 I 

..55 ■ 

.00 

C.T 24(>-r-577cX(: I 240 E-577c, 

1 

Husk 

1 . 45 

. .50 ; 

. .50 

.50 1 

.40 

.30 

1927 

High— - !■ 

Leaf 

. 45 

.30 i 

.45 

..50 ' 

.40 ' 

. 40 


Stalk 

.00 

.80 1 

.70 

.70 

.75 ; 

.e»o 

C. I. 207-F-99XU. I. 218-1^-69, 

1 

Husk 

. 92 




1927 

JX)W 

1 

Leaf 

. 03 

.57 i 

1 





Stalk 

.45 

. 50 







Husk 

. 30 

.37 



! 


Brown Aleiirone No. 13... 

-..-do.- r 

Leaf 

.40 

.00 1 

1 


1 



i 

Stalk . 

.70 1 

. 90 1 

1 

j 




® Information furnished b> llie corn breeders who supplied the seed from whicli the host materials wore 
grown 

** (irowth IS expressed as cubic centimeters of fungus thrown down after centrifugation at 1,800 r. p. m. 
for 3 minutes. Details and leasons for using this method ate given in a previous pai>er: Kankkr, E. K. 
SYNTHKTic Nt’TKiKNT SOI uTioNs FOR ci'LTi KiNo usTii.Atio Zh\K Jour Agr. ItescarclHl: 435-443, illus. 
1930. 


The data of Tal)lo 1 show results entirely diflerent from those 
obtained from the niixed juices of whole jilants. There are striking: 
diflerences in the growth of Lhfdago zeae in the sterile filtrates of 
juice from husk.^, leaves, and stalks. The filtrates of the husk-tissue 
juice of Silver King No. 67, Silver King No. 72, and Rustler No. 35, 
varieties highly resistant under field conditions, show a decided 
inhibiting a(‘tion on the growth of U, zeae. The juice from the 
leaves of Salmon Silk No. 14, a medium-resistant variety, seems to 
possess the greatest relative inhibiting action. Juices from two 
resistant crosses, Kansas Sunflower 3389 (3) X 3400 (7) and C. I. 
240-F-577eXC. I. 240-F-577c, seem to possess no marked inhibiting 
power. Data from two srnut-susceptible lines included in Table 1 
illustrate a reaction found for all susceptible lines tested, namely, that 
the filtrate from no plant portion showed any marked inhibiting effect 
on the growth of f/. zeae. 

It is worthy of note that filtrates inhibiting the growth of U. zeae 
gave the same result with all the smut collections tested, regardless 
of the locality from which they came, and regardless of the fact that 
they undoubtedly represented different physiologic forms, two col- 
lections (Nos. 60-2 and 74-2) being especially virulent. 


DISCUSSION AND CONCLUSIONS 

The foregoing results indicate a type of resistance in which the 
host contains some soluble substance in the tissue juice that inhibits 
the growth of Ustilago zeae. This inhibiting substance was not 
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found in the juice of any jtart of any of the susceptible lines tested 
nor in some of the resistant lines. 

In some of the lines the subslance was most inhibiting in the husk 
juice, as in Sih'er King No. 07. In other lines the leaf juice was 
relatively most inhibiting to the fungus growth, as in Salmon Silk 
No. 14. The fact that some snrnt-rosistant lines of corn fail to give 
positive results from the filtrate studies indicates the existence of 
other types of resistance. Lines of corn that jm.ssess resistance duo 
to some inhibiting substance pi-esent in (heir juices conceivably may 
be resistant because of other factors also. 

t)ne interesting feature of the results obtained in this study was 
the constancy of the inhibitoiy effect with all the .smut cultures 
tested, regardh'.ss of difference in physiologic forms and virulence. 
As noted above, two of the smut cultures were especially virulent 
on mo.st of the pure lines and crosses. This uniform result is significant 
in view of complications presumably introduced by different physiologic 
forms of smut. 

Then' is need of more information and study. The data at hand, 
however, arc suggestive of a promi.sing obji'ctive in corn breeding. 
The methods here reportc'd might well seuwe to aid in .selecting selfed 
lines and crosses posst^ssing resistance to the smut organism. 

IS-UMi ;io — 4 




INFLUENCE OF HULLING THE CARYOPSIS ON COVERED- 
SMUT INFECTION AND RELATED PHENOMENA IN 
OATS ‘ 

l^y T. K. Stanton, Agronomist; F. A. Coffman Associate Agronomist; 

V. F. Tapkk, Pathologist ; C. A. Wieije, Asstslnnt Agronomist ; R. W. Smith, 
Associate Agronomist; and B. B. Bayles, Assistarit Agronomist, Office of Cereal 
Crops and Diseases, Bureau, of Plant Industry, United States Department of 
A gricult ure - 

INTRODUCTION ^ 

111 tlio courso of breeding experiinonts for the development of 
economic strains of oats resistant to UMngo levJs (K. and S.) Maj^ri., 
the writers have recorded data on tlie inlluence of removing the hull 
from the c-aryopsis on (1) covered-smut infection, (2) seedling emer- 
gence, (3) number of plants reaching maturity, and (4) mheritance 
of resistance to covered smut. 

Investigators anv not in accord regarding tlie value of hulling before 
artificially inoculating seed with covered-smut spores for the deter- 
mination of relative susceptibility and resistance in oats. In the 
present, investigations, in which thousands of plants vere grown in 
comparable experiments from inoculated unhulled and hulled seed, 
the number of smutted jdants was greatly increased by hulling. It is 
generally held that the sjiores of the covered-srnut fungus are brought 
in contact with the seed in the threshing of healthy and smutted 
panicles, and that the smut simres overwinter on the exterior of the 
hulls. In the process of threshing, a small jiercentagc of the seed 
usually is hulled. In view of this fact, it is desirable in breeding oats 
to select hybrids that are resistant to or immune from covered smut 
even when the inoculum is a])plied to the naked kernel or caryoiisis. 

In connection with this study some data were obtained on the per- 
centage of secnlling emergence and on the number of plants maturing 
from unhulled and hulled seed. The intluence of hulling on the 
number of smutted and smut-free segregates in hybrid p()])ulations 
also was noted. 

These studies were jnade at Ames, Iowa; Dickinson, N. Dak.; 
Moro, Oreg.; Aberdeen, Idaho; and Moccasin, Mont., in cooperation 
with the respective State agricultural experiment stations. At Ames 
conditions arc typical of the so-called Corn Belt and are entirely 
distinct from the dry, semiarid conditions prevailing at Dickinson, 
Moccasin, and Moro. At Aberdeen still another set of conditions 
prevails — an arid climate, with the water for (*ro]) production supplied 
by irrigation. The value of the data is increased b.y the wide varia- 
tion in climatic and other environmental conditions under which 
they were obtained. 

» Rocoiveti for publication July 3, 1930; issued October, 1930. The investigations here reported were 
conducted by the Office of Cereal Crops and Diseases, Bureau of Plant Industry, U S. Department of 
Agriculture, m cooperation with the Iowa, North Dakota, Montana, Idaho, and Oregon Agricultural 
Experiment Stations. 

* The writers are indebted to L. C. Burnett, Chief in Cereal Breeding, Iow a Agricultural Experiment 
Station, for assistance in conducting the experiments at Ames. 

* In several previous publications of the Office of Cereal Crops and Duseascs the term "dehulled” was 
used to designate the removal of the glumes (lemma and palea) from the cnryopsis or groat. In this pajier 
“unhulled” designates the kernel with the glumes attached, and “hulled” the caryojisis from wdiirh the 
lemma and palea have been removed. 
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REVIEW OF LITERATURE 

As early as 1887 Jensen (//)^ observed that smut infection in oats 
was increased ])y removing: the Imll before artificially inoculating the 
seed. Johnston {12) reported that the removal of the glumes (hulls) 
from oats caused a large increase in the percentage of infection ])y 
loose and covered smuts. The increase in infection was largest in 
susce]>tib]e and mod(u-ately susceptible vaiieties and much sjualler 
in resistant varieties. A study was made of the sjmit reaction of 
plants grown from hulled seed of the Burt and Kanota varieties, 
resistant to the inoculum used. The data indicated lliat Burt 
derived part of its I’csistance to smut from the mechanical protection 
afforded by the glumes. The resistance of Kanota was not primarily 
due to glume ])rotection. Johnston concludes that seme varieties of 
oats escape infection through the j)roteclion of their glumes, while 
othcT’s are relatively free from smut because of inherent resistance. 

One hundred per cent infection, however, is not obtained with 
hulled seed. Gage {6) suggests that some of the covered-simit- spores 
are disseminated in time to enter late-blooming flowers while the 
glumes are open and that these spoi’es are a more effective source of 
inoculum than those tliat are Immght in contact with the outside of 
the hulls in threshing. 

Gaines, as re])orted by S(*hafer (ID, p. 31), and Stanton, Ste])lieiis, 
and Gaines (21) present data wliich indicate that a jmich higher 
infection with rntUago leris was ol)tained by removing tlu^ oat hulls. 

Garber, Giddings, and Hoover (.9) tried various methods, iiududing 
hulling seed before treating with sjmit, in producing an artificial epi- 
demic, but juade no direct statement relative to the effect of hulling. 

Sam})son (/<V) notes that rcjuoving the liiisk (hull) increased infec- 
tion of the Potato vari(*ty of oats as njuch as 38. S ])er cent, and that 
of Avcjia sfrigosa pUosa with I'sHlago arenac and leri^^ 42.9 i)er 
cent. She also notes that susce])tible varieties show (‘onsiderably 
increased infection after liulling but that resistant, varieties arc not 
affected. 

Bayles and (\)lfman (2) present data which show^ that a much 
higher infection of covered smut is obtained by hulling the oat 
caryo])sis. 

Tisdale (22) and Tisdale and Taj)ke (23) have demonstrated that 
infection of barley with loose and covered smuts can be increased by 
removing the ghmies before applying sjiiut spores to the seed. 

Barney (/), Keed (13, 14)y Keed^ Griffiths, and Briggs (13), Heed 
and Paris (/J), Reed and Stanton (17), Wakabayashi (24)) Gaines 
(7, 8), and Hayes, et al. (10) all have reported exi)erimcnts on the 
relative susceptibility or on the inheritance of resistance to smut of 
oats when the hull was not removed before inoculation. 

'materials and methods 

Ten varieties, 200 pure-line selections from the unnamed oat 
C. I.® No. 357, and hundreds of selections from seven different crosses, 
were used in the studies reported in this paper. The history of this 
plant material is presented in the following paragraphs. Methods of 
inoculating seed and of recording data also are outlined briefly. 

< Referents is made by iiumt)€r (itabc) to Literature Cited, p. 632 
4 “C. indicates accession nuinU'-r of tho Office of Cortial C3rops and Diseasogi, 
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r^UKNT VARlETll^iS 

The varioti(‘S used as paronts of hybrids w(4*e Marklon, Aurora, 
IdaniiiiO, ]o^roii, Sc.ottish (dd(‘f, SifvminiK', Sw{‘dish Solocl, and 
Victory. All of tln^se varieties belong to the common oat group, 
jivena aatira. 

Maukt()N\ — The liistory, doscripi ion, :ind proljabU* value to oal breediiipj of 
l.h(‘ snnd -inuiiune varU'ty Markton (C. I. No. 2053) have becui recorded 1)\ Stan- 
ton, Sti'phens, and (Jaines (r^J). It is an early t(» nudseason vari(*ty with large 
panicles and rather long, slender to inidphiinf), udlow k(‘rnels. S«> far as known, 
Markton has been uniformly immune fiom tlie smuts of oats in all e\pei-iments 
conducted in the rnited States. Markton is of comm* rcial importance in Oregon, 
VVhishington, Idaho, and adjacent Montana 

A UKOUA.' " This variety (C 1. No. S31) lias not }>een describerl jireviouslv. Jt 
originat(‘d at the Ai‘lington Kviieriment Farm, Possivn, Va., as a selection from 
R(‘d Rustproof. ddi(' original selection was made* bv C. VV. Warburton in 1009. 
Aurora has Ikmui grown experimentally from both fall and spring s('(‘ding. It is 
an early, short to midtail variety with a very short, plum]), yi'ilow avMiless kmaiel 
The variety is not ('C(jnomically imjiortant.. It is susce[)«ible to b(»th loose and 
covens! smut. 

InvMiNE. — Stanton, OrilTee, and Rtheriflge ( have' describial Idamine ((■. I 
No. 1S3I). It IS a midseason vari(*t\ with very white kiuiu^ls, and is nuKlerately 
susce|)til)le to the smuts of oats. Idamm<‘ is of some economic, inijiortance under 
irrigation in souIIkmu Idaho. 

JouKEX. Thisvarietv ((k I No 2021) has been described by Burnett, Stanton, 
and Warburton f.^:^) and bv Stanton, (iiilf(‘(‘, and ICtheridge (.JO) It is a mid- 
season variety with vcdlovs kmnels and is of considerable economic importance in 
northern Iowa logren is highly suscejitible to tin* smuts of oats. 

Scottish Chief This varietv (C. i No. U»09) a,pi)ar(*ntlv was introdu(a‘d 
from Scotland about 30 years ago. Scottish Chii'f is di'scnbed by Ktheridge (o) 
as a midseason wliite oat. Scottish Clhief is of minor importance as an agricul- 
tural variety in tin* Cnited State's. 

SiLVEUMiNE. — Silvi'rnnne (C. 1. No 1013) a))parently was first introduced to 
th(^ sei‘d lia.d(‘ in 1S07 bv a. commercial schhI company of La Crossi‘, W'is. It is a 
standard midseason white varietv and is gmierallv grow n throughout tli(‘ north(‘rn 
])art of the United Stati's It is d(\scrib(‘d by Etliendgi' (o). 

Sw'EDisH Select --Tins variety (G I. No. 134) wa,s introduced into tliis 
coiintrv by the Uniti'd States Dt'jiart ment of Agricultiin' in ISOO (^) Swedish 
Select IS a midseason whiti* oat of considerable commercial importance in the 
United States. It has beiui descnliofl bv RihhI and Sta.nton (1!) and \)y Fther- 
idge (o). 

VTctoky.--- “This \aiietv (G. 1. No. 500) was originat.iid about 1904 at the Plant 
Breeding Station, Svalof, Sweden. It is a i)Ui*e line of t h(‘ old ih*obst(‘ier varietv. 
It was first introduced into th(i United State's in 190S bv the Uniti'd States Dejiart- 
ment of Agriculture. Victory is a midseason white* oat aiiel ditfers mainly freim 
Swedish Select in liaving fewer awns and a sliglitlv h‘ss ])luinp kernel. OvNing to 
its high yie*ld and e\e*e*ll<*nt ke*rne'l characte*rs Vietoiw has b(*conie a leaeling 
variety in the irrigated se'ctions, as well as in the meire nortliei n oat see'tions of the 
Unite'd States. 

liood, Grilfiilis, and Briggs (KJ) presented data showing Aurora, 
Seottish Cliief, Silverininc, and Victory as highly susceptible to the 
smuts of oats. They indicated Swedish wSi'leet as moderately sus- 
ct^ptible. These results agree fairly well with t-hose presented in this 
paper. However, in the writers’ experiments vSeottish Chief seoiiied 
to possess more resistance than any of t\m other varieties crosstnl with 
Markton. Swedish Select, on the other hand, was more than moder- 
ately susceptible in the writers’ tests. 

In addition to Markton the Early Champion and Sixty-Day 
varieties have been used for the study of the iniluence of hulling on 
emergence. The origin of Early Champion (C. 1. No. 1623) has not 
been determined. Etheridge (5) described it as an early, wdiite- 
kerneled variety. Early Champion was grown extensively in the 
Corn Belt a quarter of a century ago, but to-day it is of little commercial 
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importance. It is highly susceptible to the smuts of oats, as observed 
many years ago and confirmed by Reed, Grifliths, and Briggs {16). 

The Kherson or Sixty-Day variety has been fully described by 
Warburton and Stanton {25). Most of the strains of this oat have 
been moderately resistant or inoderatel}^^ susceptible to the smuts of 
oats. The particular strain of Sixty-Day (C. 1. No. 105-1) used in 
the experiment herein reported is highly susceptible to the smuts of 
oats, as shown by Bayles and Coffman {2). 

SELECTIONS STUDIED 

The smut resistance of the unnamed parent variety C. I. No. 357, 
from which the smut-immune variety Mark ton was selected, has been 
a matter of some interest. This unselected introduction had been 
discarded on most agricultural experiment stations several years 
before the discovery of the value of Markton. Through John 11. 
Martin ® remnant seed was located at the Belle Fourchc Field Station, 
Ni^wcll, S. Dak. An increase plot from this seed was grown at Aber- 
deen, Idaho, ill 1924, from which the .selections used in the studies 
reported herein were made. 

(UiOSSES STUDIED 

Studies were made on relative smut infection in piogenies grown 
from unhulled and hulled seed of the following crosses involving the 
parent varieties discussed previously: 

iVIurktonXSootiisli Chief AiiroraX Markton 

MarktoiiXlclaniine loKronX Markton 

Alarktoii X Victory SilvenuineX Markton 

Markton X Swedish Select 

The first five of these crosses were made by G. A. Wiebe at the 
Aberdeen Substation, Aberdeen, Idaho, in 1923. The last two were 
made at the same station by T. R. Stanton in 1924. The Fi plants 
of the first five crosses were grown in the greenhouse at the Arling- 
ton Exiieriment Farm, Rosslyn, Va., in the winter of 1923-24. The 
F 2 populations were grown at the Aberdeen vSubstation in 1924. 
The Fi plants of the last two (grosses were growm at the Arlington 
Experiment Farm in the winter of 1924-25, and the F 2 iiopulations 
at the Aberdeen Substation in 1925. 

SEED INOCULATION 

The inoculum used in these experiments came from a collection 
made at the Aberdeen Substation, Aberdeen, Idaho, in 1924. This 
collection w as predominantly Uatilago lems with a trace of if. avenae. 
Fully 99 per cent of the spores were entirely smooth ([/. levis)j the 
remaining 1 per cent being minutely echinulate {TJ, avenae). 

One method of applying the inoculum w^as followed uniformly 
throughout these experiments. The seed for each row was placed 
in its respective seed envelope and a liberal quantity of smut spores 
was added. The envelope was then shaken vigorously to (jover the 
seed thoroughly with the spores. 

In 1925 one half of the seed of each selection or variety included 
in the various smut experiments was hulled, wliile the other half was 
not hulled before inoculation. This method also was largely followed 


® Of tho Office of Cereal Crops and Diseases, 
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in 192G. Because of the irmrked increase in the nuiiiher of smutted 
plants obtained from hulled seed in 1925 and 192(3, all seiul sown in 
tiiese exi)eriments since the latter year was hulled before being arti- 
ficially inoculated with smut spores. For (*omparing the relative 
infection in pj’ogenies grown from unhulled and hulled seed data 
are available only for 1925 and 192(3. The hulls were removed in 
the laboratoiy with small dissecting tweezers or a penknife blade. 

UEOORDINO OF DATA 

The percentage of smut infection was calculated on the basis of the 
j)lant as the unit. Any plant showing the merest trace of smut was 
consi d ered inf ec ted . 

EXPP3RIMENTAL DATA 

INFLUENC^E OF HULLING ON INFECTION IN VARIETIES AND IIYBUIDS 

Table 1 gives the data on tiie smut infection of the (uop grown from 
uahulled and hulled seed for the different varieties and their liybrids. 

A decidedly higher perc.eiitage of smutted plants wuis obtained in 
the progenies grown from hulled seed. At Aberdeen in 1925 the 
average iiercentage of infeciion for the three jiarent varieties grown 
from hulled seed was 72. (> per cent and from unhulled seed 44.0. Jn 
the hybrid ])rogenies the percentages ol)taincd from luilh^d and 
imhulied seed w(‘re 1 1 .4 and 4.7, respectively. The results at Al)erdeen 
in 1920 varied slightly fnun those of 1925, but wnre similar, and foi’ 
the two years were consistent and c.on(*lusive. 

At Ames, Iow a, however, a less satisfactory infection was obtained, 
owing (o unfavorable w’^eather conditions at seeding and thereafter. 
The four parent varieties in 192G showed an average infection from 
hulled seed of 50.2 per cent as compared with 1G.2 jier cent for 
unhulled seed. In the selections from (‘Tosses the i)er(Tntages were 
9.2 and 0.5, respectively. 

At Dickinson, N. Dak., in 1925, Swedish Select showed an average 
infection of 80. G per cent in the plants growm from hulled seed, 
while 75.0 per cent of those growui from seed not hulled wttc in- 
fected. Th(»- relative dilference in the panuit varieties between 
unhulled and hulled seed for soim^ reason is much less at Dickinson 
than at Aberdeen or Ames. The selections from the Markton X 
Swedish wSelect cross at Dickinson, however, showed an average 
infection of 14.8 per cent from hulled seed as compared with 3.G per 
(‘.ent from unhulled seed. 

The Scottish Chief variety at Moro, Oreg., in 1925 produced 
24.G per (‘.ent smutted plants from hulled seed and 11.1 per eeni 
from unhulled seed. A similar sjiread in infection for the two classes 
of seed was obtained in the selections of th(‘ Markton X Scottish 
Chief cross. 

In all, 2,848 parental and 14,G70 hybrid plants were studied. 
Hulling the seed of the parent varieties increased infection in the 
resulting crop from 35.2 per cent in plants grown from unhulled 
seed to G3.8 per cent from hulled seed, and in the hybrids from 3.8 
per cent in plants grown from unhulled seed to 12.8 per cent from 
hulled seed. Where smut-resistant strains of oats are a primary 
object in the breeding program, greater progress may be made by 
hulling the seed. 



626 Journal of Agricultural Research voi. 41, no r 



With Usttlago levh (K and S.) Magn 

No smut was observed in any lines. Owing to unfavorable weather no infection occurre J 

No date are presented for Markton, as this variety produc-ed no smut m either unhulled or hulled seed at any station in any jear. 
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INFLUENCE OF HULLINO ON INFECTION IN SELECTIONS FROJVI THE UNNAMED 

OAT C. 1. NO. 357 

Results were obtained also on relative smut infection occnirrin^ in 
selections of the unnamed oat C. I. No. 357, g:rowm from unhulled 
and hulled seed. In all, 200 of these selections were grown in the 
experiment. Owing to lack of time, the seeds of only 100 selections 
were hulled for the 1925 croj). An ei|ual number of seeds per row 
was sown in both the unhulled and hulled groups. Table 2 gives 
the total number of plants and the number of infected plants from 
unhullcd and hulled seeds. 


Table 2. ~ Smut infect ioti in plants grown from equal numhers of wnhulled and 
hulled seeds of '200 selections made from the unnamed oat C. I, No. 357 


(’oiidition of seed 


riiiiils 


} Total lufooted 




■ Numhrr ' 

1 

Numher 

Per cent 

Hulled 


. _ .1 1,412 , 


1«> 7 

Unhulled 


J J.747 

41 

2 5 


Hulling markedly rc'duced the number of plants that reached 
maturity, and increased the amount of infection. Only 2.5 per cent 
of the plants gi'own from unhulled seed w^ere smutted, while 16.7 
per cent of the plants grown from hulled seed were infected. 

The influence of hulling the seed for the 1925 crop was evident in 
the 192(i iirogeny. Of 112 selections which show’ed no infection in 
1925, 44 sliowed infection in the 1926 test when all seed w^as hulled. 
Of these 44 lines, 12 wen' grown from hulled seed and 32 from im- 
hulled seed in 1925. Table 3 gives a summary of the 1926 data 
showing 1925 seed treatment. 


Table 3. —Smut infection^^ in the two plant groups resulting from 1925 seid treats 
ment of 44 selections of the unnamed oat C. I. No. 357 


Plants grown at — 


Seli'ctious (nunibor) 


I Coiubtiou of seod 

i 

I 

I 


\bmU*en, Irluho 


Total 


Infcctod 


Moro. Oreg 

! 

Total ! Infected 


12 

32 

Total or average 


Uullod .. 
Uiihulled 


umber 

’ ' 1 1 

Xumber' Per cent Xi 

tmber' Number', 

Per cent 

' 441 

14 j 3 2 1 

313 3 1 

1.0 

; 1,012 

SO , 7 7 1 

780 ; 43 | 

6 5 

1, 48.3 

94 j (> 3 ; ] 

1 , 003 40 

4. 2 


» With Vdilago levi« (K and S.) Magu. 


The progenies of plants grown from seed that was not hulled the 
previous year showed more than three times as much infection in 
1926 as the progenies originating from a hulled-seed source. This 
is conclusive evidence of tlie value of hulling for determining true 
smut susceptibility in oats. 

Under the conditions of these experiments consistently higher 
infection was obtained by hulling the oat kernel. All of the parent 
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varieties other than Markton, with the possible exception of Scottish 
Chief, are moderately to highly susceptible to tlie smuts of oats. 
Even in these susceptible varieties, however, the glumes apparently 
offer considerable protection against infection. 

The dataforselections from theunnamed oat C.l. No. 357 emphasize 
the fact that susceptible strains can bo eliminated more certainly if 
seed is hulled. Under field conditions a 100 per cent infection is 
rarely obtained even where hulling is practiced, but the number of 
escapes is fewer than wlien the hulls are not removed. 

The data from these experiments are of interest in considering 
also the susceptibility of the naked oat (Avena nuda) to covered- 
smut infection. There is no reason to believe that A. nuda is inher- 
ently more susceptible than many varieties of ^1. mtiva. Lacking 
the protection of hulls, it appears to be more highly susceptible. 
Resistance is the nakenl oat must be developed by crossing with 
varieties like Markton, which are truly resistant and are not smut- 
free merely because of hull protection. 

INFLUENCE OF HULLING ON SEEDLING EMERGENCE 

Limited data are available from the experiments conducted at 
Moro, Oreg., in 1920, on the influence of hulling on seedling emer- 
gence. The data are given in Table 4. 

Table 4:.- -Injlufrice of hulling oaf sreds on seedling (mergence at Moro, Oreg y 

in 1026 


V'ariety 


Earl> (’hanipion . 
Sivty-Day 
Markton 

'Fotal or a\ era^io, . 


I Seeds of 
i each oon- 
; (litioii 
sown 


Seedlings from uniiiofulated seed 


rulmlled 


J lulled 


Heduetion dm' to 
hulling 


1 iVinnher 

Number • 

J*er cerit 

i Number 

i¥r cent | 

Number [ 

Per cent 

I 7(>0 

1 A02 , 

77.0 

, 511 

(57. 2 , 

81 

JO 7 

1 7(50 

572 

75 3 

540 

71 1 ' 

32 i 

4 2 

, (5M0 

! 532 , 

78 2 

' 503 1 

74.0 . 

3) 1 

t 3 

' 2, 200 

i.oofi ; 

77. 1 

1,554 

70.(5 ' 

142 1 

(5. 5 


Variel> 


Early ('hampion ...... . 

Sixty-Day — - . . 

Markton... . 

Total or average . . . 


, Seeds of 
each con- 
dition 
sown 


Seedlings from seed inoeulated w ith T'stilago lev is 


nnhulle«l 


Hulled 


Heduetion due tf» 
hulling 


Number 

Number 

Per cent 

Nu mbet 

Per cent 

Numbei 

J\r cent 

700 

(502 

70.2 

478 

02, 0 

124 

1(5 3 

700 

554 

72 0 

481 

03 3 


0 0 

080 

5H 

75 0 

405 

08 4 

I i 

7 2 


1, 070 

75 0 1 

1.424 

04 7 1 

1 


11 2 


nulling reductnl the number of seedlings emerging from uninocii- 
lated seed of all varieties 6.5 per cent and from seed inoculated with 
CMUago levis 11.2 ])er cent. Smut inoculation influenced the emer- 
gence of seedlings, but hulling alone reduced the number of seedlings 
even slightly more than did the smut. The effect of hulling varied 
considerably with the variety. Early Champion, which produces a 
rather small caryopsis and is not especially vigorous, suffered an 
average reduction of 13.5 per cent, which was greater than that of 
any other variety. Hulling reduced by an average of 6.9 per cent 
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the emergence of seedlings in Sixt^^-Day, another variety with a 
small caryopsis but of greater vigor than Early Champion. Mark ton 
WHS affected less l)oth by hulling and by inoculation than euther of 
the other varieties. It seems rather significant, however, that even 
in Mark ton, which so far has shown no ai)i)arent. evidence of smut 
infection, the seedling emergence was reduced by 2.9 jier ceuit through 
inoculation with smut. If this may be a<‘cepted as evidence, it shows 
that Markton is not completely free from infection b}^ the smut 
organism. 

INFLUEN(^E OF HULLlN(i ON NUMBER OF I'LANTS UEUUriNG MATURITY 

Jn nearly all experiments in the present investigatjons in which 
hulled s(urI was compared with unhulled seed, a n^^ord wuis made of 
the number of scH'ds sown. As a n'sult, some data were obtained on 
the influence of hulling on the number of jdants that reached ma- 
turity. When' euK'rgence counts are not available a coinjiarison of 
the number of ])lants maturing from equal numbers of hulled and 
unhulled seed is of interest. 

Data are available on this ])hase of the investigations from essen- 
tially th(' same varieties and hybrids used in tlie studies on the in- 
iluence of hulling on smut infection. Likewise, data are available 
only for 1925 and 192(). "Fhese have been summarized and are showui 
in Table 5. 

'Paulk tfjlncncc of hulling oal svtuh on the nunihvr of planU reaching viaturilg 
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hvbi id 

on \faikton 
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St‘(‘d.s 

]\rat 111 ('<1 

S(‘cds 

Mat umi 





s(m 11 
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sow 11 
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1 Viiioiii - - 

blainiiM' 



\nmh(r' \umfnr 
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Xu rnher 

Xinnhtr Peref 



I’aicnts 
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511 

Oh 1 

750 

♦)21 

82 8 



U \ hi nis 

10, 150 

7. 935 

7h 2 

10, 150 

h, 234 

81. 1 

,, 

iMariiino .. 

1 1’.iH'nts 

909 

112 

OS 7 

0(K) 

490 

81 7 

‘ ‘ 

l\ icto»\ 

i U \ hi ids 

2, 7(M) 

I,9J(, 

70 7 

2. 700 

2. 150 

79 ») 


[Idainnic 
lloK'K'n. _ 


Paicnls 

S50 

297 

31 9 

850 

301 

42 5 

Fa 

ISilvoi riiijio 
l\ lot (MV 

1 

Il.\lnid.s 

S, 2(K) 

2, 902 

30 I 

S, 200 

3.517 

43 3 

Fs 

/I’aiciit - 
\Uvbrnl__. 

250 

103 

n 2 

23S 

82 

31 5 

Suodi.sh SolocI . 

9, 2(H) 

2 722 

13. 9 

5, 5189 

3. 008 

50 2 

1<'3 

Scottish C'hicf- . 

UObiid _ 

lOO 

3, 2H0 

9S 
1, 1S3 

(d 3 
3() 1 

11)0 
3. 2H0 

HI 

1,778 

50 f> 
54 2 



( pMl cuts 

2.019 j 

1.421 

51 4 1 

2. 598 

1,035 

02 9 



|\H.\bri«ls. 

30, .^.30 j 

10,712 

54 7 

30,319 

18,717 

01.7 


“ Data on Miukton oniittc<i fioiu table 


111 general, the data of Table 5 are (consistent in indicating that 
hulling reduced the number of plants that reached maturity. Doubt- 
less most of this reduction is traceable to failure of germination or 
emergeruce of seedlings. 

At Aberdeen in 1925 the average percentage of plants maturing 
from hulled seed of the parent varieties and of hybrid selections w as 
68.1 and 78.2, respectively. For the unhulled seed the percentage 
was 82.8 and 81.1, respectively. More consistent results were ob- 
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iainod at Abcn-doen in 1920. In the two years at this station hulling 
reduced the niiinber of plants reaching maturity on an average by 
111.9 per cent in the parents and 4.2 per cent in the hybrid strains. 

Results from Ames are available only for 1926. Owing in part to 
unfavorable weather conditions for germination and emergence, less 
than lialf the seed sown ])roduced matured plants. However, the 
ratio in reduction (‘aused by hulling is Hl)out the same in the parent 
varieties as in the hybrid strains, tlie average reduction being 7.6 
and 7.2 per cent, respectively. 

At Dickinson, N. Dak., and Moro, Oreg., also, a much smaller 
number of plants reached maturity from both hulled and imhulled 
seed. The data on Sw^edish Select and Scottish Chief, the parent- 
varieties, show" that more plants reached maturity from hulk'd than 
from unhulled see'd. This is (‘ontrary to the results obtained from the 
hybrid strains at the same stations as well as to those from both 
parents and hybrids at all other stations. Soil inequalities and the 
small number of seeds sowm probably account for this variation. 

The data obtained at Dickinson on the hybrid selections are in 
conformity with those obtained at Ames and Aberdeen. Hulling the 
Markton X Swedish Select strains reduced the number of plants matur- 
ing b}^ 6.8 ])er cent. In strains of the Markton X Scottish Chief cross 
at Moro, hulling redu(‘ed plant numbers by 18.1 ])er cent. This 
reduction is nearly three times that occurring at any other station. 
Unfavorable soil conditions at seeding time at Moro probably ac- 
count for this wdde departure. 

The results indicate the value of the oat hull (lemma) as a protec- 
tion to th(' c.aryoj)sis. They probably explain the low germination 
and rapid loss of genninating ability in the naked or hull-less oat. 

In jnost cases a higher percentage of plants from hulled seed reached 
maturity from hybrid sec'd than from susceptibk', ])ar(mt se('d. The 
greater survival probably may be attributed to the greah'r vigor of 
the hybrids. 

INFLUENCE OF IIULUNG ON CLASSIFICATION OF SEGREGATES IN STUDYING 
INHERITANCE OF SMUT SUSCEPTIBILITY AND RESISTANCE 

Other writers have shown that hidling oats increases infection by 
smut. A comparison of the infection of hylirid segregales in popula- 
tions gi’own from unhulled and hulled seed has not been reported 
heretofore. Some data of this nature are given in Table 6 . The seeds 
from each F 2 plant were divided into two duplicate lots. The seeds of 
one lot were then hulled and those of the other w"ere left imhulled. All 
seeds w^ere inoculated. The seeds from each lot from each plant 
were sown in separate rows; that is, each row in each lot duplicated 
a comparable row in the other lot. The F 3 progenies were classified 
into four groups: ( 1 ) Those infected in the rows from only the hulled 
lot; ( 2 ) those infected in the rows from only the unhulled lot; ( 3 ) those 
infected in the comparable rows from both the hulled and unhulled lots; 
(4) and those not infected. 
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Table (i. — Influence of hulling oat seeds on infection of Fz hybrid progenies u'ith 

Vstilago levis in 192o 


Number of progenies 


Variety crossed on 
Murkton 


Swedish Select. 

IduTuiTie 

Victory 

Aurora 

Scottish Oliief.. 


Infected, from — 


Total... 



' J lulled Unhulled 

Seed in ! 

Not 

infected 

'J'otal 

1 

i seed only i seed only 

. i 

hoi h lots 1 

1 



; Dlckinsdii, N r)ak. 

42 1 \ 

2S i 

3 1 

50 

124 

Al)onleen, Idaho., 

1 1 0 

22 

20 

Aberdeen, Idaho 

4 1 :j ' 

10 : 

19 ' 

3f» 

. Mierdeen, Idaho. 

19 1 <> 

: 42 ' 

74 

141 

Moro, Oieg 

30 ' 4 

14 . 

17 1 

95 



. 00 1 17 

97 ' 

i 

212 1 

122 


The proportions of infected populations from hulled and uiihullod 
seed are very marked. Of the 422 prop:enies there were 90 infected 
only M hen tin* seed was liulhal, 17 infected ordy when the seed was 
not hulled, 97 infeett'd when the seeds were in comparable rows 
from both the hulled and unliiilled lots, and 212 not infected at all. 
Assuminf:: that the 91) lines infected only when the seed wuis hulled 
would liav(' escaped infe(*tion in an experiment involving]: only unhulled 
seed, under such circumstances there w^ould have been IIOS smut-free 
and 114 infected luo^enies insbuul of the 212 smut-free and 210 in- 
fected a<‘tually obtained. The results would have compared favor- 
al)ly with those obtained by investipitors from experiments in wdiich 
hulling the seed b(‘fore inoculation was not practiced. 

Published observations record a deiddedly larger penontage of 
smut -free ])rogenies than of smut-infected progenies in crosses of 
resistant and susceptible varieties. The results here presented, de- 
rived through using hulled seed, indi<*ate that previous data are not 
conclusive. Later tests in wdiich hidled seed w^as used showed that 
additional strains aiiparently smut free in the Fa generation were 
actually smut susceptible in later generations. 

The increase in tlie number of infected strains apparently due to 
hulling the seed amounted to 22.8 per cent, a sulheient w^arrant for 
hulling the seed in condu(*.ting genetic studies on smut resistance 
under held conditions. 

The data also emphasize the importance of developing inoculation 
metliods for insuring (*oni})lete infection. Until this is done it wdll 
not be possible to interpret satisfactorily studies on the inheritance 
of smut resistance or sus(^eptibility. 

SUMMARY 

Kenioving the hull from the oat caryopsis before inoculation 
increased the percentage of smutted plants in susceptible varieties 
from 35.2 to 63.8 per cent. 

In hybrid selections of these varieties with the smut-imniune 
Markton oat, hulling increased the number of plants infected wdth 
Ustilago levis from 3.8 to 12.8 per cent. 

In selections from the unnamed oat C. I. No. 357 hulling increased 
infection with Vstilago levis from 2.5 to 16.7 per cent. Of 112 lines 
showing no infection in 1925, 44 were infected with levis in a second 
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test when all -seed was hulled. Of the 44 lines, 12 wore grown from 
hulled seed and 32 were gr*own from iinhulled seed in 1925. 

Jn three varieties hulling reduced by S.8 ])er cent the number of 
seedlings emerging from both inoculated and uninoculated seed. 
The intluenc-e of hulling on seedling emergence apparently varies with 
the variety. 

The average percentage of plants reaching maturity in all tests was 
54.7 for hulled and 01. S for unhulled seed. 

Hulling the seed in hybrid populations resulted in a marked increase 
in the number of smutted plants above that obtained when the seed 
was not hulled. 
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A STCDV OF THE RELATION BETWEEN ACTUAL AND 
NORMAL YIELDS OF IMMATURE DOUCiLAS FIR 
F( ) RESTS ’ 

ity Wai'ikr it. Mf.ykr 

{^sot'iafr rivtiU unsf , Varific Sortlnnxt Forcf<( FJijcnnuti t l>itafiou. Forest 

SeriH'c, ( nitnl dilates DefnirtUKui of Af/ririilftn c 

INTRODUCTION 

For iho s(*\'(*ral iinThods of prcMiictin^ the yields of cven-a^ed 
forcusts tliat for y<‘nrs hav(' beeji jiiiadi disenssed, the yi(dd of normal 
or fully slocked for(‘sls has bemi generally at*.ce])t(‘d as forming the 
most desirable basis. For this purpose normal-yield tal)les an^ 
Avorked up showing the volume of wood ])roduced by a fully stocked 
for(‘st on any growing site at any agi^ of its life. A fully stocked 
fon‘si, al least as defined in the i)ouglas fir legion. is one in which 
th(^ canojiy is fairly conpilete and av(‘rage maximum cubic-foot 
voluuK's an^ obtained. The growing spac<\ in other words, is wAl 
utilized and th(‘ volumes are as large as can be exfiectial on the aver- 
ag(» in untliiniKMl stands. 

The tirst difficulty that comes up when a for(‘st manager or a 
laiidowiKM* w’islu's to ajiply normal-yield tables to a particular ])iece 
of land for lh<‘ pui-jiosi* of j)redi(*iing the volume at some future 
])(‘riod is that the actual, or “ em])irical,'’ stand is not in a normal 
condition throughout, and th(‘r(*foi*e normal-yield tables (‘an not be 
Used without a i'(‘duclion of their values. Tie may say that since 
th(^ value's must be r(‘duced the yit'ld tables should be based on 
avc'rage, not normal, «‘onditions. A very little observation will 
lead anyone' to conclude* that e'vc'u the ae'tual condition is far from 
constant. One' tract may be he'avily slocked, another lightly stocked, 
or a single* trae*! may have* sevei*al degives of stocking. No empiri- 
e‘al table would be* apt to lit ae*tual case's without ap])ropriate 
alle)wances. 

Since many foie'sts of Douglas fir have appreiximately (;oniplete 
canoj)ies, no troulde would be exj)erienced in locating small fully 
stocked or normal sani])le jilots scattered throughout almost every 
tra(*t, but over larger areas the!*e are always a number ot inogu- 
larities. A fire may have gone through, killing a few trees and 
causing small ojienings; a winelstorm may have broken tops or 
uprooted tree's; insects may have killed small patches here and 
there; creeks and low^ wet jdac'es may cause breaks in the canopy; 
steep sloj)es and preci])ic('s may interrupt the staTid; or reprodu(dion 
may not have been successful frojii tin* very beginning. In other 
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words, a variety of ftujtors, accidental, physiographical, and pliysi> 
ological, contribute to the departure from a normal condition. Tlie 
us(d’ulness of a normal table as a standard of reference, repr(‘senting, 
so to sj)eak, 100 })er camt conditions, becomes more and more striking 
the fiirtJier one considers the question. 

Jf this c()nce]>t of normal-yield tables is adopted, such signifi(‘ant 
({uestions as the following must be answered: 

Wluit is jh(* n'lalioii tlio actual and the normal forest? 

I>oes this relation eliaiifi:(‘ durinjr th<‘ life of the stand? 

What causes and what <*onstitutes uiuUu’stockin;; or oserstockitjj’ ? 

llow is dej*ri*e of stocking recognized? 

What UK'tliods of prtxvdure are best when normal tables are to be uscmI to 
make yield piHxlictioiis of a forest? 

The Ameri(‘an lit(‘ra<ure on the application of normal-yield tables 
is Jiot conqtlele. Certain rules for judging stocking and predicting 
growth, based chiefly on Ktiropean metltods, have been followed and 
are stated in most standard books on forest mensuration and regula- 
tion. ((Jraves, Chapman, Nisbet, lloth, Woolsey.) Ibit no literti- 
ture can be found (*overing adequately the relation l)etw'een the actual 
stand and the normal staml, nor any investigations which test the 
soundness of the methods of ap]>rK*ation that are advocated. 80111 “ 
light upon this [)has(* of the subject may ])o obtained from studies 
recently pursued in the Douglas lir region by the I^icilic Nortliwest 
Forest Kxpiu-iment Station. 

In 1020 a study of normal yields of second-growth Douglas fir 
ta,v}f(J}(f) w'as completed in Oregon and AVashington 
for the region lying west of the Cascade llang(‘.“ During U) 2 () and 
1027, after tli(‘ nornial yield tables for Douglas fii* had been (om- 
pleted, a furtheu* field study in understockcHl and overstocked stands 
was made. Tliis work attempted to answer (Questions i*(‘garding the 
ap})lication of normal tables to actual stands and the relation be- 
tween normal and emiiirical stands. It is wdth this second study 
that the j)r(*sent jiaper is concerned. 

As used in tla‘sc Douglas hr yield studies the t(‘rm normal ” 
forest, defined as representing a fully stocked condition, alhnvs a 
(‘ertain flexibility in density in regard to both numl)er of trees and 
volume. In tin* construction of yield tables this variation is taken 
into account by allowing a certain range in the basic data. Averages 
from tliese ranges are referred to as the 100 per cent, or normal, 
yields, and all otlier yields are then expressed in terms of this 
damlard. ‘‘Actual forests are defined as stands actually found over 
large areas. “ Cnd(»rstocked ” is the term usually applied to a stand 
that is i)oorer than nornial, and “ overstocked ” to one in better than 
normal (!ondition. Thes<‘ wxirds, how^ever, are not precise, since, as 
already statcxl, normal plots in themselves cover a rather wdde range 
of stocking. 

The material gathered in the course of the .study is divided into 
three classes. The first class consists of the records taken on 5,014 
chains of strip survey, 785 of wdiicli w^ere made by R. E. McArdle 

“ McAUDI.K, U. K. the yield of DOTTGLAS Fia in TIIM I’ACIFIC NORTHWEST. T(‘Ch. Hul. 
201, 50 p., illuH McAhdle, R. E. rate of orowtit of docolas fir forests. 

STANDARD YIELD TABLES FOR FULL\ STOCKED SECUND-GROWTU STANDS. West CoilSt l^Umber- 

man 54:00-1)5, ill us. 1028. 
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in ]i)2*4 and 11^25 and iho rost by the wril(‘r in and 11)27. The 
second class consists of sample plots selecti'd from the liasic data 
of the normal-yield study, of which were used to cover the com- 
plete ran^^e of a^u‘ and site conditions and 11 S plots of the 70-ycar 
a;LU‘ elass alont* w(‘r(* used to analyze the effect of eliminating the 
variable* ot a^e. The third class of material consists of an actual 
yield siiiTcy c'overiiio- acuvs, of whic'li 2SVM acres are classed as 

beinir in the* immature* Doiio’las hr type. Very little will be saiel 
of this last phase oL* the study, since it pertains to eju(*stions outside 
the scope* of this jiaper. 

the .>1)11 c'hains of strip surve*y we*re‘ lo(‘ate*d in diffeu’ent re*])- 
re*scutative se*e*e)iid-^rrowth Doii^das hr forest‘d. The strips Avere 
pi*actical]y all 1 c'hain (t»h feet) wide: in a few very dense stands 
the* wulth was i*c*diic‘e‘d to 0.r» chain. Kve*ry tie*e on the strip was 
c*alii)e*re'd. and a constant che*c‘k was kept uipon the", ap by taking 
inc*re‘me‘nl boi'ings to the centc‘rs of avel•age-^iz(‘d de)minant trees, 
riie ave*rage* he'igbt of the dominant and c*odominant lives was used 
as an inde*x of site* ejuality. Wh(‘n differenevs iii age or site class 
w(*re loimd, ne‘w tally she*ets A\e*re starte*d. The* sheets were also 
cbange*d afte‘r e'Ae*ry Jt) c‘hains or full-ac‘re tally. The* width c>f the 
strip was che*ck(‘d by pacing out oA fe*e‘t on (*ac‘h side of the tape. 
A small 1 ‘ange hnde‘r ^et te> X) fe*e‘t ])robably would be cpiite satis- 
factorv for thi^ jiurpos* and Asould sliow at a glanca* from the posi- 
tion of the* image's whe'lher a tree* should be iiH'luded or not. 
Voiitiuiioiis note's \\e*re' kept caincvruing the* slope, the c'haracdvr of 
the* stocking, the* size*, and probable caiuse* of gaps in the* Douglas 
lir cane>j)y. 

Ill the* s(M*ond se'asonV work only the* tive-; eif the* main caneipy 
wa*re tallied, the* understory trcH's and the* hardwoods be*ing left out 
altog(*tlH*r. In the* first season the dead tre*e.> we*re counted and 
tallied in two cbissc's - e)ld anel re*ceiitly dead- -in an attempt to hnel 
out. Avhe*the'r an acUance* to a normal c*oudition was indie*ated by the 
rate* of mortality. The* underlying ieh'a was that if an under- 
stoc*k(‘d stand were apiu’oaching a normal c*onditie>n, the loss by 
mortality would be li*ss than in a normal fore4. 'Jdiis idea was imt 
to te'st immediately afte'r the first held se*ason and found te) be e)f 
no value*. The*i*(*fore, the tally of the dead tre*es was dreippeel in the 
succe*eding se'ason. 

The* se*e*e)nd class of material c*onsists of de*tailed receirels taken 
on temporary samjile jilots, all ivctangulai’ in shajie, varying from 
t),2."> to 1 acu’c* in size. In the* normal-yie*ld study the plots were 
c'emibiiied by the* tracts in Avhich they Avere taken, and a c'omjiosite 
acre* Avas e'omputed feir each tract. By this procvduiv many of the 
minor variations from acre to aeuv A\ere disguised. liecom])Utation 
of the single ])lots Avas deemed ni*.ces-ary for an ac'curate c'omparison 
of the degree of stocking on strips com))ared to tlie degree of stock- 
ing on picked ae*n*s or plots.'^ 


^Tlio (li'I.Mils ot llw tonipornry siinpli' plol and nl Ihnr njnibiiiation into 

a n(»rnial .vit'ld tabic* arc doscril)(*(l in full by McArdb* (Si'o footnote* 2 ) 
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RELATION BETWEEN ACTUAL STANDS AND NORMAL STANDS 

COMPUTATIONS 

Mathematical c()m})uta<ions are required to show the extent of tlie 
difference between the actual forest and the normal stand — how wide 
a range of stocking may be expected, how large a factor is the 
])resence of small holes in the canopy, and what relation the stain 1 
A allies bear to one another. For this pur])osc a number of the 
processes known to graphical and statistical analysis^ were api)lied 
to the first two classes of material. Only the moi*e important rela- 
tions appear in this text, since many of the computations failed to be 
significant. 

The data are treated both as individual strip acres and as tra(*t 
averages. To obtain a measure which would put all sites and ages 



on a comparable basis, all the values had to be expressed in terms; 
or rather percentages, of the normal-yield table values, called vari- 
ously "Slegrees of stocking,’" “’normality percentages,” “stocking 
percentages,"" and so forth. For instance, if a tally shows a total of 
ti60 trees to the acre and a total basal area of 255 square feet on a site 
and at an age for which the normal values are JiOO trees and 280 
sipiare feet, the inujiber-of-tiees normality percentage is 2()0“i-:K)0, 
or 87 per cent, and the basal-area normality percentage is 255-^280, 
or 91 ])er cent. Similar normality jiercentages were obtained for (1) 


4 Bkuck, I>., and Reimoke, L. H, c’f)auELATioN alixembxt ohauts i\’ eouest uESEAnru. 

A METHOD OF SOLVING PKOBLEMS IX COUVILINK^R MlTTiTIl’LB C'OUKELATlON. U. S. Dept. Agt. 

Tech. Bui. 210, 1930. |In pross | 

Smith* B. B. the use of puncti and taimilatino muuipmrnt in Mui/riPLE coruela- 
TION PROBLEMS. U S. LH^pt. A«r., Bur. Agr. Eton 192,*?. | Multigrapbt'd. | 

.Smith, B. B. roRRiJiwvTiox theorv and ailthi d applied to agkjcoltural rbseauph. 
(I. S. JJept Agr., Bur. Agr. E<*on. 1920. [MultlgraphoO. | 
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number of trees ll.O indies <1. b. li.*'* (12-indi class)* and larger, (2) 
total cnbic-foot Aoliime, (.‘*)) board-foot volume by Intei-nalional rule 
Avitli ^^-incll kerf, and (4) board-foot volume by Scribner rule, as 
well as for (5) the total number of trees and ((>) total basal area. 


Taule 1. ~ \onna1 ytvid lahlcs for Douylns fir^‘ 
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* Adapted from tables by K, E. MoArdle. (See footnote 2.) 

Total basal area inoludes all trees of the stand. 

« ('ubic volume Includes the total cubic-foot volume inside bark of all the trees in the stand. Board-foot 
volume by international rule for ' s-inch kerf includes the volume of all trees in the 7-ineh diameter class 
and larger (actually fi.fi inches plus) to a ft-inch top inside bark. Board-foot volume by Scribner rule in- 
cludes the volume of all trees in the 12-inch class and larger (actually 11.6 inches plus) to an 8-inch top 
inside bark. 

» P. b. h. -diameter at breast height, or 4.6 feet above average ground level. 
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Table. 1 — Normal yield tahlea for Douglas fir — Continued 
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A ;:^eiieralized yield table (Table 1) pi'esents the essential normal- 
stand values. Jn the eonijiutations a more detailed table was used. 
Instead of the live broad site-quality classes shown in the tal)le, 
actual site-index classes were used. Site index is an indicator of 
site, deduced from the average hei^lit of the dominant and co- 
dominant trees when the stand is 100 years of a/i^e. A set of 
curves similar to Figure 1 relates the height at any age to the heiglit 
the stand will have at 100 years. Site-index classes of Douglas tir 
range from 80 to 210 feet. In Figure 1,^* Site I represents site index 
200; Site II, site index 170; Site III, site index 140; Site IV, site 
index 110; Site V, site index 80. Table 1 lists three volume measure- 
ments (Uibic-loot volume (the total cubic-foot volume inside bark 
of all the trees) ; board-foot volume by International rule for l^-inch 
kerf, which includej^ only trees of the 7-inch d. b. h. class and larger; 
and board-foot volume by Scribner rule, which includes only trees of 
the 12-inch d. b. h. class and larger. 


T.p to tilt l()0-yuir point this graph is basod upon the very large number of trees 
whoso heights wero measured in the course of the normal-yield study. In order that It 
might be Possible to determine the site-quality class of land still covwd with old-growth 
forests, Uuditloiiul measurements were nuHie, in 40 different eveii-iifftHl stands from 
to oyer 400 years old, of the average height’of the dSant and ^nd 

the heigh t-on-age curves for the dve principal site-quality classes were projected. 
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AVERAGE DEGREES OF STOCKING 

The average values of the empirical stands will be considered first 
and compared to the normal-yield tables. Strip samples in many 
second -growth Douglas fir forces! s gave a good idea of how much, 
on the average, natural forests underrun the normal. The large 
bare areas, or surveyable openings, were left out, and only the small 
holes or ga])S in the Douglas fir canoi)y, at, the most a couple of 
chains across, Avhich are always found and can not be surveyed out, 
were included in tlje strip area. Table 2 listj: the average relation 
of these actual stands to normality by five classes of data, namely, 
by stri]:) samples for tlie first season and for both seasons, by coiu- 
bine<l tract tallies, and by two classes of selected saiiiph^ plots in 
normal stands. 

Table 2 A vvrage degrees of normality of actual stands of immature Douglas fir 
and of selected sample plots 



In the preparation of Table 2 a number of erratic values were 
rejected. One ti-act, for instance, was thrown out because it Avas 
obvious from the character of the aATrages that either the age or 
the site had been determined Avrongly. Number of trees decreases, 
but basal area and volume increase with advamv in age or iniproye- 
ment in site. The effect of an error in age or site determination 
upon the ])ercentages of normal number of trees Avill therefore be 
exa(*tly the o])posite to the effect upon the percentages of normal 
basal area or volume. If, for instance, the age is overestimated, the 
(*om})uted percentage of normal number of trees is increased and 
the percentage of normal basal ai*ca is decreased. Therefore, in a 
study of this nature, extreme accuracy in the determination of age 
and site is essential, C'ertain strip-acres Avhose actual or normal 
board-foot volume Avas zero Avere also disregarded — ^temporarily, at 
least. 

Table 2 is the source of much interesting information. It is re- 
markable that the average value of the tracts sampled is so high in 
degree of stocking. Based upon the total strip acres measured in 
both years, the average stand has 77 per cent of the normal number 
of trees, 81 per cent of the normal basal area, 80 per cent of the 
normal cubic-foot volume, and 82 to 83 per cent of the normal board- 
foot volume. These values are all appreciably lower than those 
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based on the first season's work alone, for the reason that in the 
first season the better stands were visited, and in the second season 
the study was extended to the poorer forests. 

It must be emphasized that these averages do not api>ly to exten- 
sive, diversified areas, unless tlie meadows, barren land, other forest 
types, etc., are surveyed and excluded from consideration. In a 
survey of 4,190 acres, of which Ji,700 acres were actually covered by 
strips, only 2,()31 acres wxu'e classed as second-growth Douglas fir 
type. The remaining area consisted of other types, such as hard- 
woods (202 acres), cedar, hemlock, and white pine types (422 acres), 
major waterways and river fiats (531 acres), and veteran stands 
(404 acres). Such large siirveyable eliminations must be given 
consideration in dealing with any extensive tract. 

KANGE IN DEGREE OF STOCKING 


The average of Table 2 will a])pl3^ in general, but individual acres 
and tracts may vary w’i<lely from them. To illustrate to wdiat extent 
actual values can vary, tliere are listed in Table 3 the maximum and 


Tatile 3. — Stamlavil tJmaimis and actual (not thcorctiml) maxima and minima 
of the values composing the averages shown in Table 2 given to indicate the 
range of values to be expected 
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Temporary sample plots 
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minimum j>ercentages of normal stocking tliat wore found and the 
standard deviations from the averages. The standard deviation 
represents a range on each side of the average in which apiiroxi- 
mately two-thirds of the variations can be exjiected to be confined. 
For instance the standard deviation of basal area for the 192() and 
1927 strips is 19,4 per cent; its corresponding average from Table 2 
is 80.7 per cent. Then in two-thirds of the instances the differences 
between the individual stri]i acre and the average lie between 80.7 
plus 19.4 and 80.7 minus 19.4, or between 100.1 and 61.3 per cent. 
Theoretically all cases should lie between the average minus and the 
average plus three times the standard deviation or, for 1926-27 basal 
areaj between 22.5 and 138.9 per cent. The actual minimum and 
maximum according to Table 3 are 25 and 145 per cent. 

The variability for basal area, cubic-foot volume, and Interna- 
tional board-foot volume, as shown by the percentage standard 
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deviation, is surprisingly uniform. However, number of trees and 
Scribner board-foot volume are distinctly more variable and show 
these factors to be subject to different influences. 

There are two reasons for the increased variability of the Scribner 
volume. The lirst is that only a part of the stand is considered. 
The increase in number of trees 12 inches and more d. b. h. is com- 
paratively rai)id at the a^(‘ when stands are jiifettiu^ theii* first 12- 
inch tn^es, and there are apt to be Jar^e ])ercentile diflVrences between 
the actual stand and the yield-table values, since a f(‘W ti^ees can 
have ^reat effect u])on tlie total board-foot volume. Th(*refore, 
youn^ stands or stands on poor sites can be ex[)ecled to show these 
(erratic j^ercentages in Scribner board-foot volume. lh‘cause of 
this, difficulties can b(‘ expected when the values in basal area, cubic- 
foot volume, etc., are related to the S(Tibner values. 

The second reason is that the Scribnei* rule does not accurately 
measure the lumber which can be ])roduced from lo^s and trees and 
that this inaccuracy is greatest in small trees. Part of the vari- 
ability which is being discussed is therefore undoubtedly due merely 
to errors inherent in the rule used. 

Scribner rule, not being a i)recise unit of volume measure and 
being applied only to the merchantable trees, does not haul itself to 
analytical treatment, and almost invariably it i)roves itself un- 
amenable to precise methods. Were it not for the fact that board- 
foot rule is a current (‘ommendal unit for expressing stand volume, 
it would be ])referable to omit it entirely. Therefore, if undue 
emphasis seems to be placc^d upon it here, that is because much 
(‘flort was s])ent in trying to get expressions of stand values related 
to this conventional unit of measure. 

'Phe failure of the percentages of number of trees to be in line 
Avith the percentages of the other factois is explained by the 
numerous small understory trees or j>ersistent supi)ressed trees in 
some stands, but not in all. The effect of this variation is to render 
this factor useless. 

These ranges in stocking percentages of strij) acres are aj)[)arently 
large, but they are exceeded in certain cases by the ranges in stocking 
of square sample a(!res. The variation in number of trees on 
jffots is between 40 and 250 jier (‘ent, with a standard deviation of 29.5 
per cent. This is very interesting in Anew of the fact that all the 
plots were cdiosen for their fairly normal and homogeneous appear- 
ance. Basal area shows a range from (U) to 170 per cent Avith a 
standard deviation of 18.7 per cent and cubic-foot volume a range 
from ()0 to 210 per cent, Avith a standard deviation of 22 per cent. 
Scribner board-loot volume is entirely out of proportion, as might 
be expected. 

If whole tract a\"erages are taken (not listed in Table 3) instead 
of the strip-acre averages, the ranges are reduced someAvliat, for 
then they vary only from 38 to 152 per (‘cnt, for number of trees, 
48 to 125 per cent for basal area, 51 to 122 per cent for cubic-foot 
volume, and 52 to 130 per cent and 30 to 219 jKir cent, respectively, 
for international and Scribner board-foot volumes. 

In this sludy occasional individual strip acres and possibly more 
frequent rectangular sample plots were actually the tallies of portions 
of acres put on the acre basis. As a rule plots computed upon the 
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acre basis give fuglier averages and larger deviations. In tlie author’s 
o]hnion this does not explain away, however, the large differences 
wliich exist between s' rip acres and plots and does not invalidate 
the stateinent that sampling an area by strips is more reliable than by 
scattered plots, since it automatically covei's the slight irregularities 
which occur continually in a stand and which are noL smootlied out 
so effectively if s(}uare plots are taken. As a rule the error of esti- 
mate increases with the i)erimeter, and strips have the larger ])erim- 
eter for a definite area. However, the errors of a carefully con- 
ducted survey nowhere nearly approach tlie errors caused by the 
variability o^ the stand. The whole is a controversial subject and 
can be answered finally onl}^ by actual test. 


SMALL HOLES AND THEIR EFFECT UPON STOCKING 

The difference between actual stocking and normal stocking is due 
to certain causes. First of all, the breaks in the stand, the ga])s in 



PfRCENTAGL OF ARFA OCCUPIED 



PCRCFNTAGE OF AREA OCCUPIED 
Figuue 2 — KlTect of nroa occupied upon stocking 

the canopy, or the proportion of the to.al area in small holes should 
be examined to see whether understocking consists chiefly in wide 
spacing of trees or in numerous small ojienings. Tlie small holes or 
breaks in the second-growth canopy of ‘2 chains or less may be occu- 
jiied by no trees, at all, by hardwoods, by other conifers, or by 
vetei ans. The character of the stand and tlio size of the holes were 
noied on 442 strip acres; 132 of the sti’ip acres had no portion of the 
urea in holes, 95 had 1 to 5 per cent of their area in holes, 78 had 
0 to 10 per cent, 52 had 11 to 15 per cent, and so forth, as shown in 
Table 4. By plotting the average stocldng percentages for each 
group over the percentage of area occupied (lower half of fig. 2), the 
roughly curved values of Table 4 were obtained. When less than 70 
per cent of the area is occupied, the points are apt to be erratic 
because of the scarcity of data. 
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Tarlk 4 . — Relation hctiveeii area OfAiupied and stoelinif 


Arefi oocu])icd •» 


(UirvcHl normtiliLy pcTContaKO 


Por C(»iit 


Acrob 


Number 
of trees 


i 


Itusal 

urea 


' Number ^ 
of trees ! 
, 12 inches : 
and over • 


C'uliic 

measure 


Volume 


Interna- 

tional 

rule 


Scribner 

rule 


100 

... - .... 332 

94 , 

89 , 

86 

89 , 

91 i 

89 

95. 

.. . 95 

83 

84 1 

81 

84 1 

80 1 

86 

90. 

78 

75 

80 1 

77 

80 . 

82 1 

83 

K5. 

52 

70 ; 

75 1 

72 

75 ' 

77 1 

80 

SO 

29 

65 

71 1 

68 

71 ’ 

72 I 

77 

75. 

17 

61 

66 1 

(>3 

66 1 

68 j 

74 

70. 

n 

58 

62 ! 

59 

62 , 

63 I 

71 

65. 

- - -- 10 

.54 

57 j 

54 I 

57 

59 1 

60 

60. 

5 

51 

53 ^ 

50 

53 1 

54 ; 

61 


4 

47 

48 1 

45 

48 , 

,50 1 

54 

50] 

... 0 

44 

44 I 

41 

44 1 

1 

45 1 

4.5 

« 

9 acres were less tluin 50 per cent occupied, of v\Iuch 5 

were less 

than 45 

per cent. 




Eat^h one of llie factors (Table •!) maintains with only minor 
variations a similar r(‘lation betweem occupied area and stocking. 
Tliey all start a tri(l(‘ below 100 per (‘ont and stay within 13 per cent 
of each other th(‘ whole way thi*ongh. Tn other words, the actual 
small optmings seem to jilay the greatest ])art in the variation in 
understocking, while the spacing of the trees ])lays a less im])ortant 
tind also less obvious role. Speaking generally,' there setuns to exist 
ai)i)i‘oximately a 10 p(‘r c(‘nt difference betwiHui the degree of stocking 
and the area occupied. 

. The lowei’ part of Figure 2 shows in another way the effect of 
holes upon the degree of stocking. In this chart the difference be- 
tw^eeii the stocking pi'rciuitage and the percentage of the area oc- 
cu[)ied is plotted ovei* the |)erc(‘ntage of area occupied. The trends 
of tin', curves for basal area, cubic fool, International rule, and num- 
ber of trees 12 inches and more are fairly jiarallel, rectilinear, and 
slowly rising. The other two curves, for total number of trees and 
Scribner-ruh* volume, are <listinctly ditrereiit. What plausible ex- 
planations, if any, exist for these relationshij)s, and what light do 
they throw' upon the character of the understocking? Tn the first 
place the gross effect of holes is eliminated and the lesser effect of 
tree spacing is made ai)])arent. A low ])i*oportion of the area in 
small holes means a great dropj)ing off in tlie total number of trees. 
However, sinci* the trend in the percentage of 12-inch trees is rising, 
it is a])i)arent that the trees chiefly affected are below^ this diameter 
limit, or are those of the poorer dominance classes. Increased fre- 
(|uency of holes, w ithin certain limits, indicates greater canopy space 
for the remaining trees and hence better individual development, or, 
in other words, a larger ])roportionate number of 12-incli trees and, 
f lu'thermore, a greater i)ro]jortionate Scribner volume. The Scribner 
curve and nurnber-of-trees curve are of similar shape but exactly 
inverse in position with regard to both coordinates. 
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CAUSES OF THE SMALL HOLES IN A FOREST 

Undoubtedly the character of the stocking in relation to the area 
occupied depends largely upon the original cause and age of the 
hole. ITnfortunatel}^ such relations are practically indeterminable, 
and all the investigator can do in a short-time study is to show the 
relative importance of the several agencies. For this purpose field 
observations were made of the ]irobable origin of each hole. Table 0 
sununarizes these, dividing them into size groups and estimating the 
measure of their res})e(‘tive importaiF*e by giving an a])proximation 
of the total area covered. Out of GIU) holes, 17 per cent are listed as 
unknown.” Veterans ” include small areas eliminated because 
they are occupied by veteran trees. "" Fire,” insects,” and wind '' 
holes are apparents from the })resent condition of the trees or stand. 

Gullies an(l creeks ” combine often with hardwoods or w(‘t j)laces ” 
where Douglas hr establishment is seldom a success and where cedar 
and hemlock or hardwoods take its ])lace. Kocjk outcrops and 
steep slopes” are sometimes (ontributing factors to unevenness in 
stocking. ^‘Natural” holes are those apparently due to original 
failure in stocking, where no Douglas fi-i’ ever started. 

The holes below 0.05 acre are by far the most numerous, amount- 
ing to two-thirds of the total number, although they aggregate only 
about one-third of the total area. By and large, 0.5 ])er cent of the 
average acre is in small holes. This estimate was obtained by an 
independent summing of the sizes of the holes and not from the 
rough classes of Table 5. 


Table 5. — (Uiuse and of fimall UoIvh m immoturc Douglan fir 


e Small holes, classified by sl/e of hole as iiidiculed 


Cause or nature of 
holes 


Fire 

Veterans 

Insects 

Wind 

Oullies and creeks . 
Hardwoods or wet 

placets--. 

Rock outcrops and 

steep slopes 

Natural 

Unknown 

Miscellaneous 

Total 



— 

^ 




Approvimato 

0 a-0 049 0 OM) 099 

0 1 0.149 jo 15-0 199 

0.2 acre 


total area 

acre , 

acre 

acre ! acre 

1 

and over 




Number j 

Number 

Number i Number 

Number 

Number Per 

amt 


Per cent 

35 1 

H 

2 ! 1 


46 1 

7 

1.91 

6 

45 1 

13 

5 - 


63 ! 

10 

2 72 

9 

34 ' 

9 

i' 


14 

7 

1 65 

5 

()2 . 

14 : 

4 1- 


HO 

12 

3. 10 

10 

51 

30 

7 ’ 2 


90 11 


1 4,76 






If 

28 

1 

\ 37 

44 

33 1 

12 7 

1 

97 1 


1 6.58 

1 

25 

4 

2 ■ J 


32 

5 

. 66 

2 

4:i 

14 

« , 4 


67 ' 

10 

3 58 

12 

87 1 

21 1 

4 1 1 


113 1 

17 

4. 44 

15 

19 1 

9 

i 

1 

2 K 1 

4 

1.16 

4 

445 < 

i 

155 ' 

1 

43 1 16 

! 

L 

660 j 

100 

30. 58 

100 


“ Of the fi3 tracts from which 
doubtful. 


these data are taken, 29 show traces of fire, 28 show no traces, and fi are 


Gullies and creeks plus hardwoods form by far the most important 
combined factor both in number of holes and in area. Together 
they constitute 28 per cent of the holes and .‘17 per cent of the total 
area in holes. They even slightly outrank in number the sum of 
natural and unknown holes. Wind is the next most important factor 
with 12 per cent in number of cases and 10 per cent in area. Pres- 
ence of veterans in the stands (10 per cent of the holes) ranks next, 
with damage by fire (7 per cent) and insects (7 per cent) following. 
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Other minor causes include rock outcrops and steep slopes (5 per 
cent), and miscellaneous (4 per cent), which include small cuttings 
and roads. 

The fact that fire ranks so low in causing small holes is noteworthy, 
(‘Specially since 20 tracds out of fiU descud bed show (dear traces of fire. 
Despite its pronounced thinning agen(*.y in much younger stands than 
those studied and its iinjxudancc as a d(‘stroyer of whole forest 
stands, fire is not a ])rominent cause of small holes. Cdean burns 
caused by crown fir(‘s, not the light surface burns which thin out 
young stands, are a [)i*evaleiit c‘ause of extensive gaps in a forest. 
Failure of man~mad(‘ o])enings to ivslcxdc projxudy is anotlxu*. Doth 
are of overwhelming signifi{‘ance but do not find much place in the 
present discussion on understo<d<in<r of stands, ddie cdiaracter and 
({uaiitity of such openings are ditferent for eacdi l(x*ality and average 
values would have no utilit,y. In this study the strip-sur\ey lines 
were stop]x^d when sucdi of)enings wei’e encountered. 

EFFECT OF UNDERSTOC^KING OR OVERSTOCKING ON METHOD OF YIELD 

PREDK’TION 

An important part of this study is to determine the actual effect 
of understocking or overstcxdving upon such stand values as number 
of trees, basal area, or volume. The analysis will give an idea of 
the best index of stocking and its relation to other values. If basal 
area is found to be a i‘(‘liable index of st(x*king, will cubic- f(X)t 
volume or board-fcxit volume have exactly the same normality per- 
centage’s as basal area^ If not, what signifi(‘ance can be attached 
to the diff'erc’nce, and what effect will this difference have on yield 
predictions^ The chosen factor should be relatively sim])le so that 
reliable indications of volume normality will be obtained with the 
minimum of com])utation. 

Stocking, or the degree of normal condition, can be exj>ressed in 
terms of basal area, number of tree’s, or any of the volume value's. 
Ordinarily one conside’rs a heavily stex?ked forest one in which the 
trc'cs are so close together as to form a com})l(’te, dense cano])y. The 
other definitions of stexd^ing deal with sc'condarily derived factors — 
for instance, with basal area, for whiedi a diameter tally is needed, 
and with volume, for which a Ix'ight curve in addition to the diame- 
ter tally is nece'ssarv. Thidoubtedly an index based upon volume 
itself is most accurate. However, with volume taken in its broad 
sense, the relation would vary greatly, depemding chieffy upon tli<’ 
|)i‘odu(’t for which the stand is being raised — wlietlier for pulp wexxl, 
for ties, for pole's, for boards, or for timbers. Many of these ex- 
j)ressions of stex’king in terms of merchantable products are of tran- 
sitory value only and can easily be omitted from (‘onsideration. 

The method of te'sting whether number of trees or basal area is 
the better index of stocking may be based first upon a curve of stock- 
ing in percentages of volume, averaged in 10 per cent (‘lasses, over 
number of trees or basal area. A smooth logical trend will be an 
evidence of relationship. Statistical measures will be computed, such 
as the correlation coeftcients and the standard erreirs, the regression 
lines will be plotted, and certain correlation indices and modified 
standard errors will be found. In this way the relationships which 
give the best-fitting regression lines or modified curves, as evidenced 
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by liifjli correlation coefficients or indices and low standard errors, 
will be those from which the most suitable index of stocking is 
obtained. 

COHRELATIONH 


Table (>, ])r(‘sonting standard deviations and correlation and aliena- 
tion coefficients for the surveyed strips, facilities further reference 
and avoids urnlue repetition. The correlation coefficient is an indi- 
cation of straight -line relationship between two variables. Complete 
association is signified by 1, therefore the closer a coefficient is to 1 
the bett(‘r is the relation. The alienation coeffi(!ient, on the other 
hand, measures the actual i)r()portion of variation attiibutable to 
other causes, including curvature of the relation between the two in 
question. 


Table (5. — S^tandanl donationx, correlation coefflcicnix, and alienation coeffi- 
vienis computed for Hurreyed strips in actual stands 


Factor 


1 A \ or- 
i apo 
Istock- 
mg 


Number of treeb 

Numbei of trees 12 inches ' 
and over in diameter 
Hasal area ! 

Volume, cubic feet . ' 


P cl I 
77 4| 

77,S| 

HO : 

HO f 


Volume, International | H2 1 
rule 

Volume, Scribner lulo- > Hll :i| 


Stand-1 
ai d 
devin- 
tion 


I Number , 
Kela- i of trees 12 i 
turn 0 


•hoTinrt 


('ubic 

measiiie 


Volume 


Intel na- j Scribner 
I lonal rule ! i ule 


P. ct I 
21 0 C (' 

A r 
26.2, C (’ 

1 \ (^ i - 

10 ll <’ (\ I 

A.(' j - 

10 7 (’ r L.„ 

A. (’ 

21 2 

A.r - . 
2H 0 -- 


0 377ir 02510. 613d: 01 H O 577^:. 020(0 473d. 023 0 120d: 020 


(.926)1 ( 700) 

.656± 017 
( 755)' 


i|U 

( H17)1 ( HHl) ( 003) 

662d 0161 740d. 013 S47du (K)H 
( 750)1 ( 663) ( 532) 


{. 207) 


955d: 003| 026d- (MM f)H5d- 016 
( 37H) ( 720) 

.035d: (KJ4 .()5H± 017 
( 355) ( 753) 

H32d: (K)0 

j , . ( 555) 

I ' ' 1 


« The foiiolation coefficient ((\ (k) is given plus oi minus the probable erroi of the cocflicient, which is 
l-r2 - 

0.6745 (n iKung 531) The alienation coelDcient (m parenthesis) equals where r is the curielation 
•y 'U 

^ . *1 , f» i-fK SK—SI> about curve 

eoPlliHPnt. Ahonntion (A. alH.ut meau’ 


NlfMBER OF Trees an Index of Stocking 

First let the criterion of number of trees be examined, since it 
would be the simplest index if Avorkable. All the values have been 
j)reviously converted to percentages of the noiinal yield table 
values, in Figure 3 the average points of each 10 per cent grouj) 
are plotted over the percentages of number of trees as abstiissas, 
and the regression lines (mathematically computed lines of average 
trend) are drawn through them. If the several plottings are super- 
posed they show very similar trends. The points indicate a sharp 
rise from 0, passing between 60 and 80 cent values at 40 per 
cent normal number of trees, then increasing gradually to a maxi- 
mum of 100 to 110 per cent at about 120 per cent normal number 
of trees, after which there is an apparent dropping off. The data 
bevond 120 per cent, however, are too few for accurate conclusions. 

lYends of this nature indicate that, in general, volume per cent 
at first rises rapidly with an increasing relative number of trees, 
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soon slows u]), roaches a inaxiiiiuiii, and then falls off with further 
increase in nuniher of trees. Tn other words, there seenis to be an 
ideal number of trends for maximum volume. This number, more- 
over, bein^ at least 120 jier cent, slroiifrly su^^ests that the con- 
cejition of normality involved in the yield tables is somewhat 
conservativ Howevtu*, graphical rejiresentation alone is insiifticient 
and statistical nu'asures iiiUvSt be employed to show whether the 
relations are tiiist worthy. 



NORMALITY PERCENTAGE 
TOTAL NUMBER OF TREES 


Kl<;i UK (if Klocklrijr with resppct to voliinip niifl immlKT of heos 12 ioclips 

and lar>?«'r, rolattMl to total number of trees as an index of stockinj;. Straljjlit lines 
ropres(‘nt eomputi d regression lines 


The correlation coefficients (Table C) indicate very well how weak 
the relations are. The coefficients between de«.^ree or normality of 
number of trees and number of trees 12 inches in diameter and 
larger, basal area, cubic-foot volume, international board-foot 
volume, and Scribner board-foot vmlume are 0.J177, 0.618, 0.577, 
0.478, and 0.120, respectiv^ely. The plus or minus quantities after 
the coefficients of Table 6, indicating the probable errors of the coeffi- 
cients, are in every case very small and negligible. The respective 
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alienation eooffieients are 0.92(), 0.790, 0.817, 0.881, and 0.993, all of 
which arc j)ercenlaj;^es of variation due to other factors and to curva- 
ture if present, as ex])lained previously. Because of the small number 
of weij?hts in the portions of the average curves which deviate in a 
])ronouneed maniK'r from the regression line, for instance from 0 to 
30 per cent and from 130 to 180 per cent, the correlation indices 
of the fitted curves would probably be improved by less than 0.10 
increase. Correlation index is to a fitted curve wliat the <*orrela- 
tion coefficient is to the regression line. The number-of-trees rela- 
tion with Scribner volume is amazingly weak, altogether too weak 
for further use, although one might reason that decrease in number 
of trees would he accompanied liy increased size of the individual 
trees, hence increased l)oard-foot volume. 



Fuji uk 1 -njs[)crsioii of normality porooiitajjes at International boaril-fcait volumr 
wllh m.rimility peiccntaKc of total number of troes as a basis for stockiuj; 


By taking the coefficient between total number of trees and volume 
by international rule (0.473) and reproducing the a(;tual points in 
addition to the average values of Figure 3, an array such as that 
presented in Figure 4 is obtained. This bears out graphically the 
contention that the correlation coefficient could not be improved very 
much by introducing curvature to the straight-line regression. The 
band of points is very wide, and there would be little benefit in any 
further attempts to use the percentage of normal number of trees as 
an index of stocking, especially since from Table 6 it is very apparent 
that other relations exist which have much greater value. In a 
preliminary test of a portion of the data (1926 data), improvement 
of the number-of -trees relation to Scribner volume was sought by 
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a curve, but the correlation index showed an increase oi* only 
0.03 over the correlation coefficient for tlie straight line re^ressional. 

An additional method of showing the weakness of the niiinber-of- 
trees percentage in relation to International-volume percentages of 
Figure 4 is to compute the standard error around the curve, plot it, 
and notice how wide a belt it forms. This is done assuming that 
the correlation coefficient is not much improved by drawing the curve. 
The alienation coefficient for the correlation coefficituit 0.473 is 0.88. 
Since the alienation cocdficient is equal to the standard error over 


the standard deviation 



standard deviation for 


international volume is 24.0 per cent, the standard error is 21.0 per 
cent. Actually standard error is a little smaller than this, de])endin^ 
u]>on th(‘ inij)rovement made' by })assin^ the curve tlirough the ]K)ints 
instead of usin»- the re^r(‘ssion line. 14 h‘ broken-lin(» curves on either 
.•-ide of the average curve* re[>resent the ran^e in w hi(*h twM)-thirds of 
tl)e cases can In* t»x])ected to lie*. 

Why should total number of tre<‘s show' such a poor connection 
w ith .stocking ^ The ex[)Ianations undoubtedly ai*e that it is hard 
to eliminate' the tre'cs whie'h do not really belong to the main stand, 
anel ele) not coni])rise‘ me)st of the basal area anel volume, that the 
tn'cs are unevenly sj)ae*eel, and that many relatively small tives persist 
or do not persist. These* irr(‘u^ularilies aii‘ee*t the i)ere*enta^es of 
numbe'r of tree's but de) ne)t appreciably atlee't the pere*enta^es of 
basal area or \’e)Ium<'. 


n\s\i. Aki:\ as av iNiax ok Siex KiNei 

Basal are'u is the* next faefor to be* consid(*red, since* the simple 
factor of total number of tree*s fails to be si^nifie*ant. The stocking 
l)ere'enla‘i:es for be)arel-fe)ot volume by Se-ribner rule and by Interna- 
tional rule anel fe)r te)tal e‘ubic-foe)t volume are plotteel upon the 
ste)ckinju: ])ere?enta^es for basal area. (Fi^. 5.) The ])lottin^s of all 
thi'ee follow’ the same* trenel, re*mainin<>: within 5 per cent of each 
other ])ractie*ally threni^hout. The 45*^ an^le w’hie*h they make wdth 
the axe's afforels a very favorable trenel for ])redie*tion purpe)ses. 
Indie'ated curvilinearity is very slight. C'onse^ejuently the improve- 
ments to the ce)rrelatie)n eeu'fficients of Table (> W’ould be small if 
curves were fitted. The correlation coefficients foi* International 
boarel-foot volume and for e*ubic-foot ve)lume w'ith re^spect to basal 
area are hi^h, but eveui a small improvement would make the rela- 
tions more ]>erfe»ct. noarel-foe)t volume by Scribner rule a^ain seems 
to be more erratic, with the result that basal area is not as ^ood an 
index of Scrifmer stocking as desired. This wealmess wdll undoubt- 
edly be a source of error in makiiiir yield ])redictions for board-foot 
volume by Scribner rule by means of stocking: percentag:e founded on 
basal area. The cubic-foot volume ])redictions and the Inteiaiational 
board-foot volume predh'tions will, however, be miu*h more reliable. 
The coarse-scale g:raphs (fig:. 4) do not permit determining: the rela- 
tionships with sufficient accuracy. A table of values read from the 
orij^inal larg:e-scale figures giving the best curved values, not neces- 
sarily the regression values of Figure 5, is drawn for further use. 
(Table T.) 

X9731— 30 2 
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Table 7 . — Udation of the 'normality yereeiifaffcft for hoard-foot rolamr and 
(‘uhie-foof rolamr mith hasal area an 'index of utocliny 





Board -foot volume 

1 


Board-foot volume 



Cubic- 

noi mailt y by - 

! 

Cubic- 

normality by — 



foot 




foot 




Basal area 

voluniG 


1 

' Basal area 

volume 





normal- 

ity 

Interna- 

tional 

rule 

1 Scribner 

1 rule 


normal- 

ity 

Interna- 

tional 

rule 

Scribnei 

rule 


Per cent 

Per cent 

Per cent 

1 Per cent 

1 Per cent 

Per cent 

Per cent 

Per cent 


U) 

10 

10 

1 ^ 

1 110 

109 

no 

113 


20 

20 

20 

19 

; 120 

ns 

119 

122 


30 

30 

30 

30 

[' 130 

127 

12S 

131 


40 

40 

40 

41 

140 

136 

136 

140 


50 

50 

51 

' 52 

i (Correlation cotjiri- 





60 

60 

61 

1 62 

cient - - 

0 955 

0 92(» 

0 (»S5 


70 

70 

71 

73 ; 

Alienation coetri- 





SO 

SO 

SI 

; s:i ' 

cient 

1 . 297 

. 37S 

:29 


'.0 

10 

< 1 

{2 1 

Standaidenoi j 

1 5 9 

S. 0 

20 4 


1(K) 

100 

101 

, 103 1 

1 

■ 1 



! 


Tlie alienation coefficients for hasal area with resp(‘ct to voliinu' 
in cubic* feet, International board feet, and Scribneu* board feet are 
O.iJhT, 0.J178, and 0.721), respectively. The correspond in<j^ standard 



0 ^0 AO 60 80 lOO l?0 140 160 

NORMALITY PCRCENTAGt - BASAL AREA 



FifiruK — Degfrpps of Rtookin^c with ro'jpoct to ful)ic-f<K)t voliiinp and board-foot 

volume related to basal area as an index to Htoeking. Sti'alf^bt llnea renreseiH 
computed reKrcHslon linos 


errors are stated in Table 7 as 5.9, 8, 20.4 per cent. The 8 per cent 
error makes a very favorable contra.st to the 21.9 per cent that was 
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obtiiiiuMl wlien total niiiiil)(‘r of troes was us(m] as an index for iden- 
tical l)oard-foot volume. The Scribner relation, although it forms a 
ni(‘e line of averages (fi^. 5), has not been so favorable a standard 
error. 

Basal area, th(‘refore, with its ^ood (‘orrelation coefficients in re- 
s|)ect to cubic-foot volume, and International board-foot volume, its 
resultinjr low standard eriors, and its convenient form of relation- 
ship (a 45“ an^de), is satisfa<*torv. If a better index for Scribner 
board-fool volume is still d(‘sired, other factors must be examined. 

NCMCKK CK TUKF'S iNC'HFS \ M) OVER AS IXDEX OF nOARO-FOOT VOLUME 

Throughout the computations those <lealin^ with board-foot vol- 
umes l)v Scribnei- jule are always th(» most variable, contain the most 
<*rrati(* values, and are tln^ most nnsatisfa(‘torv to analyze for con- 
sistent, valuable relations. So far it has been shown how poorly 
both total number of trees and basal area ar(‘ coiavlated with Scrib- 
n(‘r-rule volume. In seeking another stronger relationship it must 
be nmiemlx'red that (estimates of board-fool volume of small timber 
by the Scribner laile ari* misleading unless a(‘(*omi)anied by an esti- 
mate' of th(‘ oN'errun jjercc'iita^e*. If this could be determined and 
aj)plied, a \olum(' in board feed would result wdiich would diffei* 
littl(‘ from the volunn' by th(‘ International rule*, but, as a mattei’ of 
fact, this ove'rrun j)(‘!‘C(*nla^(* is itself very variable*. For those wdsh- 
iiio- the Scribnei* voluim*, the best indicator j)]*oves to be the per- 
centage of normal numb(*r of tree's ll.(> inche's and mo]*e d. b. h., 
sine*(‘, ace*oi‘dino’ to Table (>, the corredation (*o(*fficient bedwe'em the 
two is 0,847. 

Figure* () shows ^ra|)hicallv that a ce*rtain de'p*e*e e)f (*urvilinearity 
(‘xists. The erratic points l)e*yonel 140 ])er cemt, bein^ of little use, 
are eliminateMl. They re'pre'sent ediietly value's read from the reda- 
tivi'ly weak portieins of the* yielel table's— values for the le)W' a^es or 
the jieKu* sites, where number of 12-inch tre*e*s is small and vedume 
by Scribner rule is slight, aiiel wdiere any small e'xceptional ce)ndition 
W'oulel elisturb the pe*re*enta^e*s ^re*atly. Se*ttin^ the maximum stock- 
ing percentage for number of 12-ine*h tree's at 140 ])er cent w ill reduce 
the c'orre'lation coefficient for SeTibner vedume from 0.847 to 0.800, 
but will incre*ase that for e*ubic-foe)t vedume from 0.0(52 to 0.728 anel 
that foi* International veilume from 0.740 to 0.787. It is evielent that 
a curve will express the relation betweem number of 12-inch trees 
and veiluine by Scribner rule much more accurately than the re^res- 
sie)n lines, especially in the leAv anel hi^h jiere'enta^es where the 
])lotteel points deviate ])ronounceelly fremi the ref^ression line. Table 
8 ^ives these readin^irs, together Avith a separate set of readin/LTs from 
a curve drawn in exactly similar fashion except that the individual 
acres are first grouped and ai*e aA’era^ed by the tracts in which they 
were taken. 
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TAJII.K S. — Nelatioii of the iionnaOtf/ iwrccntuijvfi for hoard-foot roliime by 
S<‘ribncr rule triifi Htnnftrr of tirrs hi thr JJ-nirfi d. b. fi. class and larger as 
hid(‘,r of stoclxing 



. N'oluiiie nonn.ilU V , 
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. Senhner rule on :i 
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J 0 SIM) 
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90 

1 
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For tlio iiijliii |)ortioii of tlu‘ enrvos betwoiMi 50 and 100 jn'r cent 
(li(‘ (lilferences between ttie twr) sets are not at all strikin<>:. The in- 
eonsist(‘ncv in the extremes is easily explained by the small number 
of tracts having* avei*a^e \ allies witliin these ran^i^s. Tliis relation 
for board-foot V()liime liy S<‘ril)ner i*iile is easily a])plied and prac- 
tical, especially since many of the cruises in s(‘cond-||rr<)wtli Douglas 
tir an* bein^* made to a minimum diameter liniit of 12 in(*hes. The 
fact should be noted that the v<»Iume ]>ei’centa^es overrun ])ercent- 
a^es of th(* number of 12-inch trees in the main ran^e by "1 to <S 
per cent. Due (‘orrections must l)e made for tins ov^errun in coni- 
j)utin^ tlie yield pi'(*dictions where this index of stocking is used. 

The number of trees in the 12-inch class obviously can not be 
used as an index of stocking in youn^ stands. It should be used 
only after then* is a fair proportion of trees of this size, j)robab]y 
50 ])er cent or more, and then with much caution and with the full 
iimlei’standin^ that results are not absolutely accurate and that 
there still exists a lar^e chance for error in individual cases. With 
any other species except one which attains lar^e siz(*s in relatively 
short time, it will be of no use at all. The best that can be sai<l of 
this relation is that it is the closest found in all those tested. Why 
should an index involving number of trees 12 inches and larger be 
usable Avhen total number of trees f^ives no reliable indi(‘ation? It 
is because the variable number of small trees of the understory and 
in thickets of suiipressed growth below 12 inches d. b. h. are elim- 
inated by a 12-inch diameter limit and only trees with a merchant- 
able volume are included. 

llpaJABTIJTY OF THK INDICES OF STOCKING 

The (lepeiidability of thew two chosen indices of stocking, basal 
area, and inimbcr of lii-inch fives is indicated in another way by 
stating the amount of error which is liable to occur in using the 
relations for single acres. This error, the standard error, has been 
mentioned before. The method of determining it corresjionds to 
the method of computing the standard deviation except that the 
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]*e^ressi()ii liiu* or fitted curve is used as a base instead of the nieaii 
of the data. It is most easily computed from the correlation cocf- 
iicieut and standard deviation by means of this formula — 

Standard error==standard deviation X tin* square root of 
(l--(*orrelation coefficient squared), or — 

Tables exist for the (jiiantity under the radical sitin' 

A ran^e ])lus and minus of one standard error from the cui*ve value 
includes about tvo-thirds of all the possible cases that are likely to 
be found; a ran^e plus and minus of twice the standard error in> 
chides 95 |)(‘r cent of all the cases. In Tablc‘ 8 it is seen that the 
standard en*or for the relation of stocking in piu’ccmta^e of number 
of trees 12 inches and larger to volume by Scribner rule is IJl.T per 
(‘ent. If number of trees is used as the base, the standard error for 
Scribner volume ])er(‘enta.i!:es will be 27.8, and if basal area is used it 
will be 20.4 per c(‘nt (see Table 7), showing that of th(S(» three re- 
lations tlie first is by far the most valuable. The relation between 
basal area and ciil)ic-foot volume has a standard error of 5.9 pm* cent, 
and that between basal a!*ea and volume by international rule has om‘ 
of 8 per cent: both of these are comparativcdy small and indi(*ate a 
close relationshij). With total number of trees as th(‘ basis, similar 
standard errors for cubi(‘-foot volume ami International board-foot 
volume are two to tliree times as «reat (l().l and 18.7 percent). 

An instan(‘e of the significance of these* standai'd errors may be 
cited. If on a sin^rle acre the total l)asal area is (>() per cent of the 
normal for that j)arti(Mdar site and a^?e, then the ])ercenta^u* of cul)i(‘- 
foot volume in two-thirds of all ex[)ected cases will lie between a))- 
jiroximately 54 per .cent and (>(> per cent of the normal yield table 
value (0()±5.9), or, in other words, for a single instance there is a 
t wo out of three chance that it Avill be within 5.9 per cent of (U) j)er 
cent. In case the total number of trees 12 inches and larger is 00 
j)er cent of the normal, then in two-thirds of all cases the muniality 
percentage of board-foot volume by Scribn(*r rule will lie* roughly 
lietween 54 per cent and 82 |)er cent; according to Table 8, (iO per cent 
in number of 12-inch trees corresponds to ()8±i;3.7 pei* cent of 
Scribner volume. 

These ranges of values apply to sin<j:le a(‘res only; the moi*e acres 
taken the smaller will be the expected total error. lA)!* instance, if on 
1 acre the standard error is 5.9 per cent, then on 100 acres of tally 

the standard deviation of the average will be onlv /’^^^“^or ap])roxi- 

‘ V 100 ^ ^ 

mately 0.0 per cent. Thus, if the 00 per c(*nt normal basal area is 
an average of 100 strip acres, then there are two chances in three 
that this average is within 0.0 per cent of tlie true average cubic-foot 
normality of the 100 acres. 


7 miner, J. K. tables of -Vi ey AND FOK USE IN FAHTIAL COKEELATION AND IN TRIGONOM- 

ETRY. 49. p. Baltimore, Md. 1122. 
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REJ.ATION of OTTlFlt FA( TOi{H JO BOAIU)- FOO'I' \'(>H ME IJY SdllHMiR liULE 

Aftor the original data had been e(>iijj)ile<l and analyzed, and after 
it was seen liow ^ood an index to total ciibie-foot volume and Inter- 
national board-foot volume l)asal area was, and how relatively ^ood 
an index to Scribner l)oard-foot volume the number of trees in the 
J2-inch (1. b. h. clas.s and larger was, it was su^^ested that the basal 
area of such trees mi^ht be a still l)etter index. The su^^estion is 
undoul)tedly valuabh^ and this ind<‘x shoidd be tested at some future 
time. 

It is extremely unfortunate that no more certain index of Aolume 
in board feet by Scribner rule was discovered. One suggestion is 
that the use of two factors insttaid of one would help. Work was 
done alon^ this line with the sample acres taken in the course 
of McAnlh^'s yield study. The strongest multipit* correlation co- 
( flicient of three factors, of which Scribner volume was one, involved 
total number of trees, numljcr of trees 12 incli(*s and larger, and, of 
course, board-foot volume by Scribner rule. The (‘oetlicient of corre- 
lation amounted to O.SDt). Methods of curvilinear multiple correla- 
tion w(*i‘e applied as far as the third apjjroximation, and the im- 
provement in the correlatioji cotdlicient was then tested. The ntnv 
(*orr(‘lation ind(*x amounted to ().h()4, hardly an ai)[)reciable improve- 
ment. Fuilher manipulation evidently would not j)roduce more 
certain results, and tlie att<*m])t was droppejl at this staye. Even 
omission of the erratic values did not help much. The coeflicuent of 
().h(M e\j)resses, of course, a close relation: but, since the original 
standard deviation for this material was exti’aordinarily hi^h (oT.G 
per c(*nt, see Table »‘l). the linal standard ei ror was still too lar^e foi* 
practical uh*. 

.\ not her test was made to determine what factors really influence 
Scril)ner voluna*. The underlying idea is based upon partial corre- 
lation in which the relation between two factoi’s is first studied 
without considering the efl'ect others may have; then other factors 
which may have some elfect are introduced one at a time, and the 
(‘halite in the corr(‘lation coefHcient is noted. A pronounced change 
indi(*ates that the introduced factor plays some part in the relation. 
AVh(*n the relation between the stocking percentages of number of 
12-inch trees, board-foot volume by Scribner rule, total number of 
trees, and total basal ai*ea are taken in this w’ay, the results of the 
com])utation are as listed in Table fl. 

Table !). — Partial vocffirivnta of vorrclatioii ahoiriiiff flu vffrvf of hasal aira, 

total number of trrvff, aiuJ numhiT of trees U implies and larffer, upon hoard- 

foot volume by Scribner rule 


Correltition 0 order 


(’orrelutioii first order 


Correlation second 
order 


I 


Scribner, number of trees 0. 12o| 

Scribner, basal area 0. (’»S5| 

Scrlimer, number of trees 12 inches! 

and over 0.8471 


W'llh 12-iuch trees constant -0 404811 With both con- 

With basal area constant — 0. .WlOj: stant..— 0. 7100 

W'lth numlrer of trees constant 0. 77941' W’lth both con- 

W’ith 12-iiich trees constant 0. 3225/j slant. 0.6583 

W’lth numlier of trees constant 0. 8720l| With both con- 

W'ith basal area constant 0. 72;i0/} stunt... 0. 8224 
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Four factors, composing three j)airs, are considered. In each pair 
one of the other factors is introduced by assuming it to be held 
constant Avhile the original two are allowed to vary. Thus the 
original relation between Scribner volume and total number of trees 
is expj’cssed by the coellicient of 0.120. If the number of 12-inch 
trees be held constant, then the coefficient changes to —0.4048; in 
other wonis, if the number of 12-inch trees remains the same then tlie 
jiercenta^es of Scribner volume varies inversely with tlie total number 
of trees; if tlie basal area is held constant, a similar effect is obtained. 
By holding both constant the reasonably lar^e coiffiicient of —0.7100 
is obtainecl. Another pair of factors, liasal area and volume by 
Scribner rule, shows an incr(‘ase if the total number of trees be held 
constant (a decrease if the number of 12-in(*h trees he held constant). 
That the two neutralize each other is seen from tlie final coefficient. 
The relation between the third i)air, Scribner volume and number of 
12-inch trees, is found to be fairly indeiiendeiit of the other two 
factors, as is evident from the fact that tlie coeffi(*ient is only slightly 
affected by holding one or the other factor constant. This in itself 
argues for the adoption of such a criterion for jud^in<j: the normality 
of board-foot volume by SiTibner rule, l)e(*ause it furnishes an 
independent relation. 

It is recommended, in making short-term yield pi*edictions, that 
basal area be used as index of stockiiiir for cubic-foot volum(‘ and In- 
ternational boai’d-foot volmiK*, and that the normality of number of 
trees 12 inches and larger be used as index for S(*ribner board-foot 
volume. In lon^-term predictions, however, basal area should be 
used as the index for all classes of volume. 

ADVANCE FROM UNDERSTOCKING TO A MORE NORMAL CONDITION 

Up to this point no reference has been made to the possibility that 
the decree of normality mi^ht change with the passage of time, 
especially if stocking is based upon total numbei* of tre(‘s. Many 
persons have* believed that the more ojien the stand — that is, the 
fewer the trees- --the smaller would, he the lt)ss in numbers through 
mortality and tlie better would be the individual ^i*owth of the trees: 
stands Avould become nearly normal in character if sufficient time 
elapsed. Also, it was ur^ecl, the fewer the trees and the better the 
individual develojunent the ndatively larger would be the percentages 
of basal area and volume with respect to the ])er(*enta^e of total 
number of trees. This condition in itself could be taken as evid(‘n(*e 
that the stands wtm’c approachin^ii: normality. Based upon such an 
argument, Figure would indicate that apjiroach to normality was 
a very real condition if the disjiersion of the ])lots around the aver- 
age curve were not, considered. But, as explained before, each curve 
really represents a wide belt from wdiich, if appropriate choice be 
made, any theory can be ])roved. It has been shown that an index 
to degree of normality must be referenced to basal area or number 
of 12-in(*h trees rather than total number of trees. 

Very little can be said about the changes with passage of time in 
the normality percentage of number of trees 12 inches and larger. If 
a stand has an unduly large number of 12-inch trees, it may maintain 
this advantage for at least a number of years. 
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More direct observations upon tlie ciian^e which is likely to take 
])lace in an un(lerstock(‘d forest have l)een obtained in the study of 
^I'ovvth on permanent sampl(‘ plots,'" some of which have been under 
ol)servation for 15 years. J{ecaus(* of the small number of plots (12), 
the ])ercentaii:es are somewhat erratic. When estimated in terms of 
basal ar(‘a the rise in d(‘^ree of stocking of understocked plots in 
a, o-year j)(u*iod is 2.7 per cent; with cubic-foot volume, 4.5 per cent; 
with volume by Scribner rule, 2 pen* cent. I'his is so small and un- 
certain a (H)rr(K*tion, and is so overshadowed by larger and more 
imj)oi*tant variables, that it may often be most practicable to i<>:nore it. 

Since this perc(‘nta^^e is small, always erratic, always aflected by 
the least iri e^ularity in mortality rate, and unrelial)le in its com|)uta- 
tion even on permanent sample i)lots, it is certain that not much 
})ro^oess can be made in determining advance tonard normality by 
studies of jdots or strips measured but once. In such studies past 
or future diameters and height curves must be com])uted or drawn, 
allowances must be made for mortality, or whole diameter groups 
musi be droj)p(‘d out (*ntirely to com])ensal<‘ for mortality. 

Th(‘re are a sufficient number of permanent ])lots in coniferous 
forests which have betui measured for sev(M*al periods and from 
whi(*h, by relatively little study, a ^ood idea (*an i)e obtained of the 
approach to normal condition with the* j)assa^e of time. In Doujrlas 
fir at least ;12 j)lots are bein^ measun‘d periodically and moi*e are 
bein^ adde(l (‘ach year. 

ANALYSIS OF TEMPORARY SAMPLE PLOTS 

Chiefly for a(*ademic rather than |)ractical intere.st, this study Avas 
extended beyond the method of analyzing strij) samples to that of 
analyzing jilot samples. A s(*t of 4J1*1 ))lots Avas chosen from the 
normal yi(dd-study data. These plots were selected to represent 
equally all a^e classes and all site classes. In order to eliminate the 
efr(*ct of a^e, a set of 118 jdots in the 70-year a^e class Avas used. 

EFFECT OF SLOPE UPON DEGREE OF STOCKING 

A strip system of samidin^ can not ^ive infoiination on the effect 
of sloj)e becau.se there is too much ATiriation. On single plots, how- 
ever, a c(*rtain decree of slope can be <‘hosen and the effect of slo])e 
on stocking can be effectively defined. Figure 7 ^ives ^ra|)hically 
the results of this ])ortion of the .study, and Table 10 lists the read- 
ings corrected for the average — that is to saA\ since the avera^ze basal 
area, cubic-foot volume, and Scribner board-foot Aolume for the 433 
plots amountetl to 107 per cent, 109.7 per cent, and 111.5 per cent, 
respectively, of the normal values, the readings of the cuiwes had to 
be reduced by an amount equal to 7, 9.7, and 11.5 per cent, respect- 
ively. These decrees of overstocking of a random choice of 435 
plots i)robably resulted from the elimination of iiTCfrular plots, AAdncli 
Avoidd tend to raise the averages. 

^MKYER, AV. ir. KATES OK OK IMMATCKK llOrOIJVS Fill AS SHO^\ X BV I'EUMANKXT 

SAMPLE PLOTS. Joui’. Kcspai'ch aO.lOJr Sl.A, Ulus. UPJ8. 
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According to "Pablo 10 tlie niaxiiiium yields are ])r()du(*ed on slopes 
<d‘ ^0 j)er (*ent. Ev(‘n if the acres were transj)osed to surface meas- 
ure^ inst(*ad of usin^ horizontal measure, as is done thi*ou^hout this 
study, slopes of about oO per cent would still he indicated as pro- 
ducin< 4 - a maxinium yield. The ])ercenta^es have been found to be 
coiiyervative : values for the 70-year class, for (‘\aniple, are still 
lar<i(‘r. From the shape of th(‘ curves, low correlation coeflicients 
can h(‘ e\pect(‘d. A much improved correlation ind(»x should he 
obtained if a curv(‘ is littcMl to the [>lotted points. "Phis lest was 
aj)|)lied to the 1 1<S plots <d* the T0-year-a^(‘ (dass. The (‘orrelation 
coellici(‘nt lad ween slo[)<‘ })(M*centa^e and hasa l-ai'ea normality was 
only 0.1. St), hut the correlation index of the lilted curve was 0.022. 
a ^rt*at inipi*ovement. "Phe coi*relation coeflicienl between slope ]>er- 
centa^e and Scrihner-voluine normality was 0.*U)7 : the correlation 
index was tKKJO. Much closer relationshi j)s than are indicated by 
th(*s(‘ co(*l!icients probably exist, but they ai*e obs(*ured by th(‘ wdde 
ran^e of stocking in the original material. 

"Phe explanation of this (dfect of slope upon the yield probably 
li('s in the increased amount of light the individual tree receives 
as a residt of tin* “ staggering of the tops. "Jdie significance of 
the elfect of the sloj)e on stocking i.s somew hat veiled by the varied 
topography on many areas. 

KFFECT OF ASPECT UPON DEGREE OF STOCKING 

Intimately (*onnected with the (piestion of sloj)e is that of aspect. 
McAnlle/’ in his study of normal yieKls. (*oncludes that the best 
yields are obtained on north and east sloj)es. No very definite con- 
clusions could be reached in the course of strip surveys, since a strip 
can cover a number of changes in asjiect. However, general ob- 
servations gave definite suj)])Oi't to McArdle's statement. On the 
stee])er south and west slopes, at least, the site (pialities are con- 
tinually changing wdth each break in toiK>grai)hy. ea(di draw, each 
scabby ridge. The past events in the history of the area surely 
have had some eflect; these hotter slopes may have been burnecl 
more fiercely and have had a greater im|)overishment of their soil 
than the moister north and east slopes. In critical situations a suc- 
cessful restocking can not be ex])ected, since the surface soils dry 
out too quickly after the cessation of the winter and spring rains. 


^ See footnote 2. 
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EFFECT OF SITE UPON DEGREE OF STOCKING 

Tlie effect of site upon the stocking of a stand has jiroved (piite 
iTideteiTiiinate, althoii^^h all groups of data were subjected to analy- 
sis. If the ])oorer sites have lower degrees of stocking, the data 
do not show it. The reader must keep in iiiiiul, however, that the 
tliscussion is still of normality percentages and not of absolute 
values. 


COMPARISON OF PLOT METHOD WITH STRIP METHOD 

A very interesting coni])arison is that of the relations of stocking 
obtained by strip analysis with those obtained by plot analysis. The 
])reparation of tables similar to Tables C, 7, and 8, and figures similar 
to Figures 3, 4, 5, and th although it led to no new conclusions, 
brought out at least one astonishing and disturbing condition — the 
increascnl variability of some of the relations and the poorer correla- 
tions. One might expect that picked jdots would exliibit less vari- 
ability, since tliey are chosen as well-stocked areas; but actually a 
strij) automatically irons out many inconsistencies that are main- 
tained in a square jdot of the same acreage. Th(‘ size of the plots 
also has something to do wdth their variability, since small plots 
put on the acre basis wdll show a greater range of values and some- 
times higher averages than fidl-acre jdots. In this study, however, 
no plots are below’ 0.25 acre in size and a great many are 0.5 to 1 acr(‘. 
The standard deviation of l)asal area remains about the same, being 
(a<*(‘ording to Table 0) 10.4 for the strips, 18.7 for the 40 ])lots, and 
15.7 for the 118 jilots of the 70-year-age class. The widest differ- 
ence occurs in the normality percentages of boju’d-foot volume by 
Scribner rule. The 4iVl plots have a standard deviation of 57.0 per 
cent as compared to 28 for the strips and 20.5 for age class 70. The 
young forests and the poor sites, where Scril)ner volumes are small 
and chan(*e for peieentage errors large, are j)artially the cause of 
the difference. 

In tlieir essential jiuints the relations between stand factors are 
surjirisingly alike, whether computed by sti*ips or by plots. The 
more material taken, the more uniform, w’ill the results be. Based 
uj)on the .strijj sui'veys taken during the first season alone, certain 
differences were noticed and significance attached thereto, but after 
the second season's investigations w’ere added the differences w^eiv 
ironed out and lost all sipiificance. For example, with regard to 
the dependence of normality of board-foot volume by Scribner rule 
upon that of number of trees 12 inches and larger, the final analysis 
of the stri])s gave a regression equation of the following form — 

Scribner volume jier ceiit=0.90r) (percentai^e of trees 12 incbes and ov<‘r ) -f 18.2. 

To this is com])ared the regression obtain(»d by taking 438 sample 
plots— 

Scribner volume per cent— 0.980 (percentiige of trei‘s 12 iiichOK and over) +9.9 
or that of the 118 plots of the 70-year-age class — 

Scribner volume per cent=0.864 (percentage of trees 12 inches and over)+ 17,1. 
This agreement is remai’kable considering that three distinct groups 
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of materia] are treated. When curved over tlie actual points the 
agreement is still more p(*rfect. 

The relation between normality of total cubic-foot volume and t hat 
of total basal area is not quite so good, but still the difl*eren(‘es are 
not pronounced enougli to overthrow any concdusions. 

For strip surveys: ( ’iil)i(*-foot volume per cent— 0.072 (basal area per 
cent) +2.1. 

For 403 plots, all a^^es : Fubic-font voluiue per c(‘nt —0.017 (basal area per 
<*eiit ) +10.4. 

For 118 plots, 7(Kvear <'lass: Fubic-foot volume imm- cent~1.14r» (basal .area 
per cent ) —10.2. 

There is nothing so di.sturbing, therefore, that we can not adopt 
tlie values of Tabh^s 7 and 8 in tlie actual pradice of yitdd applica- 
tion on an extensive .scale. However, on small local areas the varia- 
tion can be as wide as the limits pre.s(‘ribed by the .standard errors of 
the <*urv('s. 


QUALITY OF WOOD, AS WELL AS QUANTITY, AFFECTED BY STOCKING 

The result of understocking upon the (juality of the lumber pro- 
duced is very im])oi*tant jind is .strikingly shown in Figure S, but 
(piality of wood in the tree is diflicult to appraistL A .study of 
(|uality growth not only must be dis.inct from the study of (juau- 
titative production, but it involves many additional t(H*hnical diffi- 
culties and a large number of tests of the (juality of logs or lumber 
})roduced in normal stands as well as in und(*r.stocked stands. Obser- 
vation shows that open-grown stands ])rodu(*e coarser-grained wcmd, 
more knots, and larger knots, but no (jualitative data are available 
as to the actual (juality dilfereiuTs between the product of normal 
stands and that of under.stocked stands. This is a (jimstion of prime 
im])ortance and an atUunpt .should be ma<le to solve it, probably by 
cutting acres of dilfereiit degives of stocking, determining the grade 
or (juality (da.s.s of products yielded l)y actual conversion to merchant- 
able units, and attemj)ting to arrive at workable (*onclu.sions. 

SI MMAUY 

Normal-yield tabl(\s are chiefly valuable as a .standard for judging 
(he future yield of existing fore.st .stands. Ihit it is well known that 
actual forests on extensive areas ditfer appreciably from the normal 
(H)ndition and by a degive which is not constant but is distinct for 
each separate area. Some forests may be very miuii understcxtked, 
some only slightly so, and some may even be over.stocked. In order 
to use normal-yield tabl(.*s to predied future yields of s.ands of all 
these degrees of .stocking, it is nece.s.sarv to know the fundamental 
relation between such .stand factors as number of trees, ba.sal area, 
and volume as affected by d(‘gree of stocking. Siii(*e degree of stock- 
ing mii.st be defined in terms of volume, which is a value ixMjuiring 
much coinpuhition, it is desirable to have as simple a measure as 
pcLSsible for an index of sto(*king. This index would be used in the 
field for recognizing the degree of normality. 

The relations found in this study between the normal yield table 
stand values and the .stand values of actual forests concern only 
(quantitative wood production* They do not take into consideration 
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FKniRK 8 .-- Sinj?lp stands may show Kroat vnrhitions In 8 <oc*kln«. Th«80 two photo- 
graphs w(*r»* takt^n within a IVw hundred yards of each other. In a very widely 
Hpa<*ed portion of the stand (B) the trees beeamv overdeveloped and limhv ; where 
eondltloJis were somewhat above normal, as in A, trees were of good form but had 
a much smaller average diameter than in the first area 
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utilization of stands nor (juality jirodiiction, both liiost iinj)ortant 
but distinct phases of forest-yield ]>redi(*tions. 

Some of the significant findings of this study may be summarized 
as follows: 

To arrive at the real acreage of the type under consideration, the 
areas of all lar^e openings and of other ty])es must be ma})})ed out 
and eliminated from consideration. Small holes and pips are left 
in. In the Douglas fir canopy" these small pq)s amount on an aver- 
ap' to 10 p(‘r cent of the total area. Th(* most important cause of 
such pq)s in this ty])e is not fire, but the j)resen(‘e of /^nllies, creeks, 
and small hardwood patches. 

Understocking^ is ])i*imarily attributable to the jiresence of small 
holes, and is ordy secondarily a factor of wider spacinp 

S(‘cond-^rowth stands of Douglas fir, not including the major 
openin<>:s and pqis, a])[)roximate slightly better than SO ])er cent of 
the normal-yi(‘ld tabl(‘ values, this estimate bein^ based on the results 
of strip surv(‘ys in s:i individual trac'ts. 

Total nnndier of trees is a very unsatisfactory index of total 
volume stocking: basal area is the best and most ndiable index of 
volumes in cubic feet and board feet by the International rule. For 
board-foot volume by Scuibner rule the number of trees 12 inches 
(1. 1). h. and larpu* is mon* reliable. 

It is recommended that for short-term ])redictions basal area b(» 
the index for cul)ic-foot and International board-fool volume stock- 
ing, and that number of trees 12 inches and larpu* be the index for 
board-foot volume l)y S(*ribner rule. For lonpterm ])redictions 
basal area should be the imlex of stockinjr for all three units of 
volume. 

\"ery little repirdin^ the advance of an understocked stand to 
a more fully stock(*d, or normal, (‘ondition was learned from the 
analysis of these once-measured [dots and strips, but periodic 
measurements of permanent plots indicate that this advance goes 
a[)])roximately at the rate of 4 per cent evtu-y decade for stands 
between 40 and SO years of age. 

'Fhe highest volumes are obtained on aptuoximately 40 j>er cent 
slopes, referenced to horizontally measured acres, site for site. 
South and Avest aspects are apt to be quite variable in site. North 
and east aspects are the more favorable ones. Site apparently has 
no effecd u[)on the average degree of stocking. 

Sampling a tract by strips is considered more reliable than by 
plots, ])rovided strij) width be properly controlled. But the relation 
l)etween pairs of stand factors, such as basal area, cubic-foot volume, 
and hoard-foot volume, are much alike whethei* determined by strip 
surveys or by samide ])lots. 




STUDIES OF VACCINATION DURING CALFHOOD TO 
PREVENT BOVINE INFECTIOUS ABORTION^ 


By J. M. Buck 2 

AssistnnI ^Superintendent, Experiment Station, Bureau of Animal Industry, United 
Stales Department of Agriculture 

HISTORICAL REVIEW 

More than 30 years have ela])sed since Ihing announced his notable 
discov(ny with reference to the etiology of bovine infectious abortion. 
During this i)eriod an iiuniense aniount of work has been performed })y 
dilferent investi<i:at()rs in endeavors to improve methods of abortion 
])revention and control. In many cases the investigations reported 
have naturally dealt with imnumization procedures. Data pertain- 
ing to this phase of the ab(»rtion ])roblem have l)een contributed by 
Bang McFadyeati and Stockman {10), Zwick and liis cow^orkers 
{12), Kliinmer {8), Jensen (7), Smith and Little {11), Birch and Gil- 
inan (2), Hadley (4), Iluddleson (6*), Fitch and Boyd (3), Hart and 
Traum {8), Ijibbehusen {!)), and others. The substances employed 
as immunizing agents have included vaccines, prepared from living 
aboi'tion bacteria of different degrees of virulence, bacterins consisting 
of sus])ensions of the abortion microorganism killed by subjection to 
heat and chemicals, serum with a high agglutinating titer for Bade- 
riinn ahorhis, sero vaccines, and sero bacterins. 

Ahictunes consisting of viable abortion bacteria, unless of unusually 
low virulence, have commonhv been administered to unbred animals 
only. Bacterins and serums have been used both before and after 
breedijig. 

In some of the earlier investigations, before it w^as well understood 
that the abortion microorganism frequently invades and establishes 
itself in the udders of cows, the immunologist was principally con- 
cenied in testing the efficacy of biological substances in preventing 
the occuiTcnce of abortions. Later studies have not only given con- 
sideration to this feature but have frequentlv been so i)lanned and 
pursued as to reveal detrimental features as well as beneficial effects 
resulting from the procedures. 

Many workers in this field believe that the degree of resistance to 
Baderivm aborivs that can ])e imparted to susceptible stock b}^ the 
use of abortion bacterin and serum is too meager in amount and of 
too brief duration to render such products of practical value in dealing 
wdth this disease. The available experimental data seem to justify 
this belief. Vaccines consisting of viable abortion bactena, on the 
other hand, have yielded results that have been a source of considera- 
able encouragement to both the investigator and the stockowner. 
Experiments with selected stock have plainly and repeatedly demon- 
strated that the vaccination of unbred, susceptible heifers about two 

» Received for publication June 27, 19;«), issued November, 19:10. 

2 The writer thanks H. E, Smith for helpful assistance in making pregnancy examinations and aggluti- 
nation te.sts and in otherwLse aiding in the vaccination experiment 
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months before their breeding results in the development of an immunity 
that is both pronounced and lasting. 

One of the arguments against vaccination has been that the admin- 
istration of living suspensions of Baderhm abortufi is followed by 
localization of the infection within the udder from which it may 
subsequently be eliminated for long periods of time. This character- 
istic has been noted with greater frequency after the vaccination of 
unbred cows with functioning udders than tjnbred heifers as they 
approach breeding age. 

objp:cts of the investigation 

The objects of the present investigation were twofold: (1) To 
determine whether a demonstrable and lasting degree of immunity 
could be engendered in bovines by their vaccination during calfhood 
rather than at their approach to or attainment of maturity and (2) to 
determine the abilitv of calves to resist the prolonged or permanent 
establishment of Bactenmn ahorUi^i infection in their bodies following 
the subcutaneous administration of the microorganism. 

The original plan was to select for vac(*ination calves 3 to 4 months 
of age, for in the event the experiment yielded en(‘ouraging rc'sults it 
seemed possible that the method might be an appro j)riate one to 
employ at calf-branding time in infected herds maintained under 
range or semirange comlitions. 


EXPERIMENTAL ANIMALS 

Twenty calves were procured for this work during May and 3une, 
1 925. They were assembled from herds in t he vicinity of Washington , 
1). C., by a cattle dealer and delivered at the Bureau of Animal 
Industry Experimenf Station, Bethesda, Md. It was iinpracticat)le 
to obtain information of value with referen(‘e to infectious abortion 
in the herds from which they were obtained. Some dilKculty was 
experienced in procuring calves of the desired age, and it finally 
became necessary to accept animals that had the api)carance of being 
from five to eight months in development. Tlie calves seemed to be 
reasonably well bred, probably the progeny of grade stock. Their 
weights ranged from 275 to 400 pounds. 


Table I. — Hesulis of the agglutination test for infectious abortion obtained from 
.10 calves purchased for vaccine experiment « 
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Results when quantity of blood 
serum tcubic centimeters) indicated 
was used 


« Key* 

Pronounced agglutination. 
^ pa= Partial agglutination. 

No agglutination. 
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An agglutination test for infectious abortion made 'soon after the 
calves were received resulted in the data shown in Table 1. Calf 1272 
reacted in a dilution of 1 to 100 and calf 1279 in a dilution of 1 to 50. 
These animals consequently were not utilized in the experiment. Of 
the remaining 18, 12 were used as principals and 6 as controls. 

MATERIALS AND METHODS 

It was not delinitdy known what degree of virulence Bacterium 
abortus strains used in the ])rcparation of vaccine should possess in 
ord('r to be capable, when administered subcutaneously to virgin 
animals, of conferring an appreciable degree of immunity without at 
the same time causing a permanent infection of the udders. Hence, it 
was proposed to give this feature consideration. 

Thr('(» different lots of vaccine were accordingly prepared. Bacte- 
rium abortus strains 8, 10, and 11 that had been propagated on 
artificial culture media for approximately eight years were used in the 
preparation of the lot of vaccine administered to calves 1263, 1264, 
1265, 1266, 1267, and 1302. Strain 19 that had been isolated one and 
one-half years previously was used in the preparation of the vaccine 
administered to calves 1268, r27(), and 1277, and Bact. abortus strain 
88, whi<‘h was the third transfer of this isolation, was used in the prepa- 
ration of the vaccine administered to calves 1273, 1274, and 1278. 

Slants of 3 pcu* cent glycerin agar in 18-mm. tubes were sown wuth 
the difb'rent Bacterium abortus strains three days before the vaccina- 
tion of the animals. The suspensions whtc prepared immediately pre- 
cluding their us(‘. The 20 c. c. dose which each of the 12 principals 
received C()rres|)onded to the (juantity of growth propagated on one 
tube of medium and represented in densit}^ a Gates nephelometer 
reading of about 1 cm. The vaccine was introduced subcutaneously 
at four dillVrent ])oints on the sides of the neck and thorax in an 
('udeavor to j)revent severe swelling or abscess formation. Although 
no discharging absc(*sses developed at the points of inoculation it 
seems possible that the dose should have been reduced, for somewhat 
pronounced sw ellings appi^ared, where the injections w^ere made, that 
persisted for several days. On the second and third days after the 
injunctions, moreover, the calves were sluggish and refused feed, and 
with one ('xception exhiliited much elevated temperatures. Calf 
1273, although showing no increase in temperature and but average 
local reactions, appeared to be the most seriously affected of the 
group. She refused feed for a week and w^as not inclined to mingle 
with the other calves. During this period she appeared to dislike to 
stand or to move about. 

The temperatures of the animals before vaccination and for several 
days following are shown in Table 2. The somewhat elevated prein- 
jection temperatures probably resulted partly from the excitement 
induced by catching and confining and partly from the high atmos- 
pheric temperature which prevailed at the time. 

The vaccinated and control animals w^ere kept in separate fields for 
about three months, when they w^ere placed in the same stable and 
thereafter were run t(^ether. At monthljy intervals blood samples 
were obtained and subjected to the agglutination test. 
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Table 2. — Temperatures of calves immediately precedmg vaccination^ September If), 
19‘25j and on jive subsequent dates 
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When blood samples were being taken on December 10, 1025, 
approximately thrt'e months after the vaccination date, it w as observed 
that the. udder of heifer 1273, one of the- animals which received the 
most recently isolated strain of Bacterhim ahortuH, showed some* dis- 
tention. She w^as consequently isolated and milk serum obtained 
from her udder. The establishment of Bart, ahortvs infe(*tion in 
this animal seemed to be indicat(‘d by the fact that her l)lood'-s(‘rum 
reactions had show n littl(' tendency to recede in intensity . F ailure w as 
experienced, how^ever, in demonstrating the prc'sence of abortion 
bacteria in her udder secretions at this time, through guinea-pig- 
inoculation tests. A month labT she was again plac(‘d with the 
remainder of the grotip. 

Breeding of the heifers was begun during the middle of June, 192(). 
A vigorous 2-year-old bull that gave negative results to th(' agglutina- 
tion test for infectious abortion was used for the entire group. Before 
all the animals had conceived one of the controls. No. 1281, be(*am(‘ 
badly injured and, in consequence, had to be killed. One of the 
vaccinated animals, No. 1302, was found dead about a month after 
vaccination. An autopsy indicated that death w as induced by internal 
hemorrhage, then' being a rupture of the posterior vena cava a few 
inches from the heart. The rupture was associated wuth embolus 
formation. An efidrt w^as made to isolate BaHeriurn abortus from th(' 
embolus and the diseased w alls of the vein as well as from other organs, 
but without success. There now remained in the exj)eriment 10 
ht'ifers, 11 of which were principals and 5 contn)ls. 

On November 23, 1926, a fetus from a Bacterium abortus infected 
herd was available as exposure material for this group of animals, in 
all of which pregnancy had now been definitely diagnosed. 

After small amounts of the stomach and intestinal contents had 
been sown on serum agar to determine the presence of Bad, 
abortus infection, the stomach content was drained into a flask. The 
intestinal content was washed out wdth saline. These materials were 
stored at refrigerator temperature. When the presence of Bad. 
abortus in large numbers was definitely established in these materials, 
they were strained through cheesecloth to remove the larger particles 
and made up to a 2,500 c. c. amount with physiological salme solution. 
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On November 26, 1926, ea(‘h of the 16pregnant heifers received 150 e.. c. 
of the material by way of mouth. 

A second f(‘tus from another infected herd was available November 
26, 1926. This fetus was handled in a manner similar to the one 
previously d(*scribed. After the jiresence of Bacterium abortus in its 
digestive contents was established, 2,100 c. c. of a suspension of 
stomach and intestinal eontemts was used for a second exposure of the 
16 heifers November 29, 1926. Kach heifer at this time received 125 
c. e. of the material by w ay of mouth. 

Wlu‘n calving or aborting occurred, guinea pigs were inoculated 
with colostrum, (uiinea pigs w^ere also injected with placental 
(Miulsions or uterine exudate, unless it seemed evident that cultural 
results with aborted fetus(‘s would reveal the i)resence of Bacterium 
abortus infection in tlu^ uteri of the aborting animals. 

RESULTS OF FIRST PREGNANCIES 

During their first pregnancies the 11 vaccinated animals produced 
11 living calves. These, with one exception, continued to thrive for 
a y(‘ar or longer, when they were utilized for other experimental pur- 
poses. The exception was the calf of heifer r27(h which died nine 
days after birth, and at autopsy showed severe inflammation of the 
intestines. A bipolar staining organism was i.solated from the blood 
of this calf which may have caused its death. There was little 
evidence that its illness was in any way associated with Bacterium 
abortus infection. 

Of the five controls, three, Nos. 1269, 11103, and 1304, aborted. 
Bacterium abortus w as isolated from their fetuses by (‘ultural methods 
and from samples of their colostrum through guinea-pig inoculations. 
Two of the controls, Nos. 1275 and 1280, produced vigorous calves, 
although heifer 1275, 47 days after calving, developed an agglutina- 
tion reaction to Bad. abortus infection of a titer of 1 to 200, 
w Inch was maintaiiK'd for about one month. Efforts to isolate the 
abortion organism from her jnilk slightly subsequent to this period 
was attended with failure. 

These two animals, Nos. 1275 and 1280, may have possessed un- 
usual resistance to the infection, a supposition somewhat strengthened 
by the fact that on receiving large doses of Bacterium abortus suspen- 
sions at a later date when again pregnant, intravenously and through 
the teat canals, they pi-oduced, at the expiration of normal periods 
of pregnan(^y, living vigorous calves. Before the original intentional 
exposure both of these heifers had given suspicious reactions to the 
agglutination test- on different occasions, a feature that may have 
accounted in a measure for their apparent resistance. 

Although 11 living calves were produced by the 11 vaccinated 
animals during their first pregnancies the results were slightly less 
encouraging than this ])erformance would imply. Although the 
agglutination reaction of heifer 1263 had returned to negative four 
months after vaccination and coiitimied to remain negative or prac- 
tically so for 15 months, it thereupon became markedly positive and 
remained thus for many months. The immunity which the vaccine 
afforded in her case w^as seemingly insufficient to enable her to resist 
the degree of Bacterium, abortus exposure to which she was subse- 
quently subjected. Although her calf w^as carried nearly the normal 
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period of gestation and seemed to exhibit normal vigor, the presence 
of Bact. abortus was demonstrated both in her placenta and 
colostrum. 

Heifer 1273, in which Bacterium abortus seemed to have been 
established by the vaccine, although she produced a seemingly normal 
calf at the expiration of a 279-day gestation period, nevertheless 
eliminated the infection in her colostrum, as was demonstrated by 
guinea-pig inoculation results. Guinea pigs which were injected 
with placental emulsions, however, failed to acquire the disease. 

Heifer 1203, as previously mentioned, received vaccine prepared 
from Bacterium abortus strains 8, 10, and 11 that had been propagated 
for about eight years on artificial culture media, whereas heifer 1273 
received vaccine prepared from Bact, abortus strain 88, which 
was the third transfer of this strain. The results obtained with 
heifers 1263 and 1273 w^erc, therefore, such as might possibly be 
anticipated in some cases when strains representing extremes in 
virulence are used for vaccine preparation. 


Table 3. — Immunization results in nniinals vaccinated during calfhood and later 
subjected to artificial exposure to Bacierium-nbortiis-infected materials 

TKEATEO WITH ABORTION VVCCINK 
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4 Nov. 29 
/Nov 20 
I Nov 29 
/N(»v 20 |1 27'> I do 

INov 29 / ‘ 

/Nov 20 I 
\Nov. 29 


208 , do 

282 j ....do 
279 -do- 

do 

do 

jl 282 I do- 


liilv 8 /'Vov*. 20 j 

JUC » Inov. 29 1 
/Nov. 20 i\ 
\Nov. 29 'J 
,/Nov. 20 i\ 
'\nov. 29 Ir 


June 21 
('*) 


Juiv a 


Tune 20 20 

Jum, 20 29 


..< 10 . 


j Positive. 

i Negative 

' -do-- 

I 

... .do .. 
. .do - - 

do - . 

_. -do - . 

do .. 

. .-do. . 

do... 

do.. - 


Results of 
eoldwStrum ex- 
aminations 
for Bacterium 
ahortus 


I Po.sitive 
Negative 

i 

Do. 

I 

, Do. 

! Do. 

I Do. 

j Positive. 
Negative. 
Do. 
Do. 
Do. 


(’ONTKOLS 


1269 

1276.... 
1280. .. 

1303 

1304 



(June 

20 

Nov. 26 

1 


C) 

Dul.v 

8 

Nov. 29 

\ 

173 

loot. 

23 


1 


C) 

June 

20 

/Nov. 26 
iNov. 29 

} 

279 

C) 

June 

22 

/Nov 26 
INov. 29 

} 

283 

C) 

July 

3 

/Nov. 26 
INov. 29 

} 

} 

215 

C) i 

1 

June 

27 

/Nov. 26 
\Nov. 29 

236 


Abortion 

Living calf. . 

do 

Abortion 

do 


Positive.. 

Negative. 

do... 

Positive.. 
do... 


Positive. 

Negative. 

Do. 

Positive. 

Do. 


* No record. 


^ Not vaccinated. 
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Table 3 shows the date of vaec illation, dates of breediiify and of 
Bacterium abortus exposures, length of gestation periods, outcome of 
yiregnancies, and results of uterine and colostrum examinations. 

RESULTS OF SECOND PREGNANCIES 

During the spring of 192S the 11 vaccinated animals, without 
further treatment, were again bred to a ])ull giving negative results 
to the abortion test. The purpose was to gain some information as 
to the permanence of immunity engendered liy calfhood vaccination. 
While it was realized that the ingestion exposure i)reviously prac- 
ticed (‘implicated the problem of determining the lasting immunizing 
effects of va(‘cination alone, it was nevertheless believed that the 
existing (‘onditions of exposure might not differ materially from the 
conditions encountei’ed by vaccinated calves when in conta(‘t with 
infected herds. 

Jh-egnancy examinations made during duly and August, 1928, indi- 
cated that all 11 vaccinated heifers had concei\ed. Pregnancy was 
also determined in five other animals giving negative results to the 
agglutination tet for the disease, and these animals were used as 
(‘oritrols during the second piTgnancies of the vaccinated group. 
This control group pn'viously had betui niatc'd to an abortion-disease- 
free bull as indicated l)y the agglutination test. One of the controls, 
No. 1300, was a cow, the other four, Nos. 1419, 1425, 1420, and 1453, 
w(‘r(' heifers. 

The Bacferlutn aborias exposure material used in this second period 
of the experiment was similar to that employed during the preceding 
pregnan(*ies of the vaccinated animals. Two aborted fetuses were 
obtained from different herds on July 31 and August 0, 1928. Cul- 
tural w^ork with these fetus(‘s indicated that they w^ere heavily infected 
with the abortion microorganism. The intestines were cut into small 
pieces with scissors and immersed and agitated in saline. The sus- 
pension was then passed through a wure sieve to remove the intestinal 
musculature. The suspension of intestinal (‘ontents was made up 
in eacli case to about 2,500 c. c. Tt was stored at a temperature of 
about 40° K. for several days, until cultural results were ascertained, 
before l)eing used. To every experimental cow' on each date of 
exposure was administeied by way of mouth 100 c. c. of the material. 
wSix days intervened between the times the cows were drenched, the 
first <m August 3, li)2S, the secmid on August 9. On the dates of 
drenching, subc-utam'.ous inoculations of the exposure materials 
were made, into guinea pigs, to establish the infoctiousness of the 
materials. These inoculations resulted in the development of 
marked lesions of abortion disease. 

The results obtained after the second conception of the vaccinated 
aniinals did not differ markedly from those of the first. The 11 
vaccinated animals produced 10 living calves, all of which made 
remarkably good grow^th. 

Cow 1273 aborted at the expiration of a 176-day gestation period. 
Bacterium abortus could not be established as a causative factor, 
however, even though cultural examinations of the fetus w^ere sup- 
plemented by guinea-pig inoculations of placental emulsions, colos- 
trum, and emulsions of fetal stomach and intestinal contents. Bacil- 
lus coli was the predominating type of infection isolated from the 
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placenta. Cow 1263, from whose placenta and colostrum Bact. 
abortus was isolated at the previous pregnancy, although yielding 
positive colostrum results at this time, did not show Bad. abortus 
infection in the uterus, since guinea pigs inoculated with placental 
emulsions failed to acquire abortion disease. The uterine and 
colostrum results of the remaining nine vaccinated animals, as deter- 
mined by guinea-pig inoculations at times of parturition, were nega- 
tive. 

Of the five (*ontrol animals one heifer. No. 1426, aborted 218 days 
after her last breeding date. Bacterium abortus was isolated from her 
fetus by cultural means and from her colostrum by guinea-pig inocu- 
lations. Heifer 1425 expelled a weak calf on the two hundred 
fifty-eighth day of gestation. From the placenta and colostrum of this 
animal Bad. abortus was isolated. Heifer 1419 was in labor on 
the two hundred sixty-ninth day of gestation and required assistance 
in the removal of her calf, which was dead. A search for Bad. 
abortusy both culturally and through guinea-pig inoculations of 
placental and fetal materials, gave negative results. The serological 
reactions of this heifer supported the cultural and inoculation results. 

Two of the five control animals producer! vigorous calves. 


Table 4. — Immunization results during second pregnancies of animals vaccinated 
during calf hood when again subjected to Bactenum-abortvs-ingeshon exposure 

'I'HKATED BEFOKK FliiST PKEONANC'V WITH AHOHTION VACMUNK ■ 


Animal No 


1264.. 
1206 ... 
1266 - - 

1267.. . 

1268.. 

1273 - 

1274 .... 

1276 ... 

1277 . 

1278 .. 


Hate of 
br<H‘dinn 


1928 
A pr 1 1 

Mar 27 
Apr 
Ajir 4 


Date of 
exposiiro 


^ 1928 
Aug 3 
I Aug 9 
/Aug 
I Aug 


9 

” t.Vug. 
/Aug 
,lAug. 


Mar. 26 
j/Mur. 21 
' - iMny ] 


IfAug. 
llAug. 
1 Aug 
Aug 


- Mar. 2H 

I/Mar 22 i Aug 
\ \pr 21 l ,Aug 


Aiir. 


'/Aug 
I Aug 


1360- . 
1419-. 
1425 
1426. 
14.53 .. 


Feb. 

6 

Apr, 

3 

Apr. 

4 

fMar. 

24 

[A IJT.o 

14 

(«) 



/Aug. 3 
I Aug. 9 
Aug 3 
Aug. 9 
Aug. 3 
,Aug. 9 
Aug. 3 
, Aug. 9 
/Aug 3 
\Aug. 9 




. 

Uesulls 0 

Oesta- 

Oulc'oine of 

Uesulls of uterine 

colost run 

tion 

examinations for 

examinatu 

lieriod 

Dayn 

I)rognan(*> 

Bacterium abortus 

for Bacterin 
abortus 

} 275 

Living calf .. 

Negative. 

Positive 

} 286 

---do 

... do . 

Negative. 

1 286 

- - do... 

do 

Do 

} 2.11 

do 

- do 

Do 

} 279 

_.do . 

. ..do 

j:>o 

} 280 

-do . .. . 

. . do . - 

Do. 

i 176 

\borUon- - _ 

...do 

Do. 

} 282 

! Idving calf ... 

1 1 

. --(lO- - 

Do. 

ij 281 

' -- -do ' 

— do — 

Do. 

} 

do 

do 

' Do 

1 

] 276 1 

r i 

( 

1--- -do _ 

1 

MINTHOLS 

.. do ... 

Do. 

J 288 

Living calf 

Negative 

Negative. 

1 269 

Dead calf 

-do 

Do. 

} 258 

} 218 

} 

Living calf-- 

Positive 

Po.sitive. 

Abortion . 

Living calf 

do 

Negative 

Do. 

Negative. 


« No record. 
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Table 4 shows in condensed form the procedure followed and the 
results of the second phase of the calfhood-vaccination experiment. 

Table 5 contains more complete records of the individual animals 
used in the experiment. In it an*, recorded the agglutination results 
that were obtained at varying intervals of time, the date of vaccina- 
tion, dates of breeding, Bacterhirn abortus exposures, calvings, cultural 
determinations, and results of guinea-pig inoculations with colostrum, 
milk, and uterine products. 

Those guinea i)igs which were inoculated with tlic different mate- 
rials and did not succumb to pmmmonia, gastritis, or enteritis were 
killed in Irom five to eight weeks after inoculation, examined for the 
])resence of lesions, and their blood subje(;ted to the agglutination 
test for abortion disease. In some instances the s[)leens of the guinea 
pigs were cultured. This ])rocedure was regarded as furnishing rather 
definite information as to the presence or absence of the infection in 
the inoculated l)igs. The records of those guinea pigs that died 
soon after the inje(*tion, and that were not cultured or from which 
blood sarnfdes were not obtained for diagnostic* determinations, arc 
rarely entered in the table, because of the unreliability of the evidence 
which they furnished. 

Table 5. livconU of indivulual experiment anirtials " 

V U’CINATKl) IIEIFEH 12(U 




AKKlutmutKU) rosiilts when of soruni 

(l ubic foiitiineteri!) indicated was used ^ 


'I I ' 

0 91 , 0 OO.*) I 9 002 0 (K)l 0 OnO.^.O 9002 9 (MK)l 


lieiriarks 


May 

21, i92.-> ' 

— 


.lune 

29, 1925 1 

— 

- 

.liib 

29, 1925 

— 1 

1 “ 


2, 1925 

— 

_ 

OCi 

•1, 1925 

: + ' 

* 4- 

Non . 

10, 1925 ! 


4- 1 

Ucc 

10, 1925 

4- 

' 

.1 an 

15, 1929 1 

— 


Fob 

1.5,1929 

1 


Mai 

19, 1920 { 

S 

1 1 

Aiir. 

22,1929 1 

1 ; 


May 

21, 1929 1 


1 I 

.1 line 

14, 1929 

! V 

1 “ 1 

■iuly 

20, 1929 : 

i ■” 

1 

Aug. 

24, 1929 

1 _ 

1 1 
1 

Sept. 

22, 1920 1 

1 


Nov. 

23, 1929 


1 1 

Dec. 

IS, 1920 

“ 

j 

.Tan 

9, 1927 



Jan. 

22, 1927 



Feb 

4, 1927 

- 


M ar. 

7. 1927 

- 

- 

Mar 

21, 1927 


_ 

Apr. 

4, 1927 

_ 

- 

A pr. 

19, 1927 

f 1 

4- 

May 

2, 1927 

4 ! 

4- 

May 

17, 1927 

d i 

4- 

June 

1, 1927 

•f 

+ 

June 

16, 1927 

+ 

f 

July 

19, 1927 


4 

Aug 

6, 1927 

f : 

d* 

Sept. 

21, 1927 

+ 

d- 





! 


+ 


- 1 - 



r 


Scpl ir>, lU2r), •subcutaneous in- 
)ection20c c aboitn-n vaccine 
[Bnct strains s, 10, and 

11 ). 




Aug 31, 1926, hied. 

Oct. 11, 1929, bred. 

Nov. 29, 1929, received * 150 c c 
emulsion of fetal stomach and 
intestinal contents 
Nov. 29, 1929, lecel^ed 125 c c 
emulsion of fetal stomach and 
intestinal contents. 


1 



July 15,1927, expelled a living 
calf (277 days), guinea pigs 
inoculated with emulsion of 
l>laeenla and colostrum ac* 
Quired abortion disease. 


« Explanation of symbols* The plus sign indicates pronounced clumping of bacteria; P, partial clumping; 
S, slight trace of agglutination; minus sign no evidence of clumping. 

*> Figures at head of cohiinns indicate cubic centimeters of blood serum. They represent approximate 
dilutions of 1 to 26, 1 to 60, 3 to 100, 1 to 200, 1 to 500, 1 to 1,000, 1 to 2,000, 1 to 5,000, and 1 to 10,000, respec- 
tively, writh the amount of antigen (1 c. c.) used, 
p All exiiosuros were made orally. 
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Table 5.‘ — Records of individual experiment animals — Continued 
VACCTNATKD HEIFER 1263 --(Continued 


l^ate 


(cubic centiriioter.s) imlicated was used 



0.04 

0 02 

0 01 

0. (X)5 

0 002 

0.001 

|o 0005I0 0(X)‘. 

0 0001 

Oct. 20,1927 

-h 

4- 

¥ 

4- 

4- 

— 


1 

1 - . — 


Nov. 19,1927 

+ 

4- 

4 

4- 

4- 

r 

— 

j 

. ... 

Jan. 25,1928 

+ 

4- 

¥ 

4- 

4* 

4' 

4- 

I P 

p 

June 6, 1928 

j + 

4- 

4 

4- 

4* 

P 


r"’* 


July 18,1928 

+• 

4- 

4- 

4- 

4- 

4- 




Aug. 24,1928 

-1 

+ 

4- 

+ 

4- 

V 


, . . 



Sept. 19, 1928 

I’ 

P 

4- 

4- 

4- 

4- 




Oct. 12,1928 

f 

4- 

4- 

4- 

4- 

— 




Oct. 27,1928 

4- 

4- 

4- 

4- 

4- 

V 




Nov. 16, 1928 

+ 

4- 

"i" 

-f 

P 

* P 



.. 

Dec. 6, 1928 

4- 

4* 

4- 

4- 

4- 

4" 


1 



Dec. 19,1928 

+ 

4- 

4- 

4- 

4- 

4 



.. 

Jan. 8, 1929 

+ 

4- 

+ 

4- 

4- 

4- 


' 


Jan 28, 1929 

-j- 

4* 

4- 

4- 

4- 

4 





Feb. 28, 1929 

+ 

4- 

4 

4- 

4 

4- 





Apr. 11,1929 


+ 

4- 

4 

P 









VA 

COIN 

4TE1 

IIEIFEK 

1264 

May 21, 1925 

_ 

_ 








June 2fi, 1925 

-- 

— 

- 

— 

— 


— 



July 29, 1925 

__ 

— 


— 

_ 

— 

.. . 



Se[)t. 2, 192.5 








— 




Oct. 4,1925 

+ 

-f 

4' 

4- 

4- 


4r 

s 

_ 

Nov. 10,1925 

4- 

1- 

4- 

+ 




__ 


Dec. 10,1925 

4- 

■1 

4- 

S 

— 





Jan. 15, 1926 

V 





- 





1 

Fob. 1.5,1926 

4- 


— 

— 

— 





Mar. 16, 1926 

4- 

S 

__ 

— 

— 

“ 




Apr. 22,1926 

4- 

— 

— 

— 

— 

— 

. 




May 21,1926 

4- 1 

— 

— 

• — 


— 



... 

... j 

June 14,1926 

+ 1 

— j 

— 



•— ' 




July 20,1926 


— 

— 


— ■ 

— ■ 





Aug. 24,1926 


— 1 

— 

— 

— 1 

— 1 

.. 



Sept. 22, 1926 

P i 

— 

— 

— 

— 1 

— ' 




Nov. 23,1926 

V 

— 

■— 

— 

— ' 

— , 




Dec. 18,1926 

S 

- 


- 

— 1 

- ! 

-- 



Jan. 6, 1927 

r 

_ 

_ i 

_ 

— 1 

. 




Jan. 22,1927 

s 

_ 


— 

- 1 

— , 

> 



Feb. 4, 1927 

p 

•— 

- 

— 

— ' 

- ! 




Mar. 7,1927 

1* 

_ 


— 

_ 1 





Mar. 21, 1927 



- 1 

— 

— 





Apr. 4, 1927 

— 

— 


— 

_ 

~ 1 




Apr. 19,1927 

— 

— 


-- 

— 

— 



1 

May 2,1927 

— 

— 


— 

— 

— 



1 

May 17,1927 

T* 

_ 



— j 

— 

- 



June 16, 1927 







_ i 

_ 




July 19,1927 













Aug. 6, 1927 

— 

— 

— 

— 

_ j 

— 




Sept. 21, 1927 

— 

— 

— 

— 

— 1 

— 

. 



Oct. 20,1927 

— 


— 

— 

1 




1 

Nov. 19,1927 

_ 

_ 

— 


— 1 




1 

Jan. 26,1928 

— 

— 

_ 

_ 


_ 1 



. ..1 

June 6,1928 

— 

_ 


— 

— 1 

i 




July 18, 1928 

P 


— 


_ j 

_ 1 




Aug. 24,1928 

P 

— 

— 

— 

_ , 

1 




Sept. 19, 1928 

+ 

— 

— 

— 

1 






Oct. 12,1928 



— 

_ 

__ , 





Oct. 27,1928 

4- 

s 

1 — 






■ 

Nov. 16,1928 



— 



_ 



! ^ 1 

Dec. 6. 1928 

S 

— 

— 

_ 






Dec. 19,1928 


_ 

_ 

— 

_ 




1 

Jan. 8, 1929 

— 

— 

_ 



— 



1 

Jan. 28,1929 





1 






Remarks 


Oct. 20, 1927, tv,o truinea pips 
inoculated with inilk failed to 
acquire abortion disease. 

Jan. 2.'i, 192K, tliree piiinoa pigs 
inoculated with milk acquired 
abortion disease. 

Apr. 11, 1928, bred. 

Aug. 3, 1928, received 100 c. c. 
emulsion of fetal intestinal 
contents. 

Aug 9, 1928, received 100 c c. 
emulsion of fetal intestinal 
contents. 


Jan. 11, 1929, expelled a living 
calf (27.*) days); 6 guinea pigs 
inoculated with emul.'<ion of 
placenta failed to acquiie 
abortion disea.se, .5 inocu- 
lated with colostrum con- 
tracted abortion di.sease. 


Sept. 192.'>, subcutaneous in- 
jection 20 c. c. abortion \ accine 
(Rflcf abort ti a strains 8, JO, 
and 11). 


June 22, 1926, bred. 


Nov. 26, 1926, received 150 c c 
emulsion of fetal stomach 
and intestinal contents 
Nov. 29, 1926, received 12.5 c. c. 
emulsion of fetal stomach 
ami intestinal contents. 


Api. 2, 1927, expelled a living 
calf (284 days), 4 guinea pigs 
inoculated with uterine ma- 
terial and 4 with colostrum 
failed to develop abortion 


June 15, 1927, 2 guinea pigs in- 
oculated with a composite 
sample of milk failed to ac- 
quire abortion disease. 


Mar. 27, 1928, bred. 


Aug. a, 1928, received 100 c. c. 
emulsion of fetal intestinal 
contents. 

Aug 9. 1928, received 100 c. c. 
emulsion of fetal intestinal 
contents. 

Jan. 7, 1929, expelled a living calf 
(286 days); 4 guinea pigs Inoc- 
ulated with an emulsion of 
placenta and 6 with colostrum 
failed to acquire abortion 
disease. 
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Table 5. — Records of individual experiment ariunals- -Cotiiiinml 
VACCINATED HEIFER 12()5 


AKRliitiuatioii results when (iiiaiitity of blood serum 
(cubic coutiineters) Indicated was usetl 




0 (M 

0. 02 

0 01 

0 00, 

M ay 

21, 1925 

_ 

_ 

_ 

: _ 

J tine 

20, 1925 

— 

— 


! — 

July 

29, 1925 

— 

__ 


— 

Sept 

2, 1925 

— 

— 

— 

1 “ 

Oct 

4. 1925 


4- 

1- 

. 4 

Nov. 

10, 1925 

d* 

1 

1 


I )ec 

10, 1925 

+ 

d 

i 

P 

Jan. 

1.5, 1920 


I* 


- 

Feb 

1.5, 1920 


+- 

p 

P 

Mar 

10, 1920 

+ 

4- 


— 

Apr 

22, 1920 


P 



May 

21, 1920 

1- 

4 

p 

, — 

J ii ne 

14, 1920 


1 

4 

— 

July 

20, 1920 

d- 


— 

. — 

Aug. 

24. 1920 

4- 

”1- 

— 

' 

Serit. 22, 1920 

4- 

S 

— 

1 _ 

Nov 

23, 1920 


_ 


~ 

Dec 

LS, 1920 

V 




J an 

0. 1927 

4 

P 



Jun. 

22, 1927 

4 

4* 


- 

Feb 

4. 1927 

4- 

P 


— 

Mar 

7, 1927 

4- 

H 


- 

Mar 

21, 1927 

-f 

_ 

— 

— 

\pr 

4, 1927 

4- 

P 

_ 

- 

Ajir 

19, 1927 

d- 

4 


1 ™ 

Ma.\ 

2, 1927 


P 



.May 

17, 1927 

4 

d- 


— 

June 

1, 1927 

4- 

P 

— 


June 

10, 1927 

+ 

— 

— 


July 

19, 1927 

4- 

P 

” 

- 

\ug 

(), 1927 

4- 

i 

i 

" 

Sept 

21, 1927 

4- 


1 

- 


Oct. 

20. 1927 

P 

' 


~ 

.Nov 

19, 1927 

S 

1 



Jan 

2.5, 1928 

P 

-- 



June 

0, 1928 

4- 

- 

— 

— 

July 

18, 1928 

1 

.‘S 


1 _ 

.\ug 

24, 1928 

4- 

S 


— 

Sept. 

19, 1928 

d- 

+ 


- 

Oct 

12, 1928 

1» 


... 

_ 

Oct. 

27, 1928 

4- 

p 

" 

~ 

Nov 

10. 1928 

i 

— 


_ 

1 )OG. 

0, 1928 ! 

4 


1 — 

I — 

Dec. 

19, 1928 ' 

V 

s 


— 

Jan. 

8, 1929 ; 

+ 


— 

' — 

Jan. 

28, 1929 . 

4- , 

— 

~ 

1 

Feb. 

28, 1929 

d- 


— 

1 — 

Apr. 

11, 192tl 

4 

"" 


1 




1 



1 


Sept. 1'), 192r>, subcutaneous 
injection 20 c. c. abortion vac- 
cine ( Had. a6orL/«.strainsS, 10, 
and 11). 


Aug. 27, 192(5, bred. 

Nov 20, 1920, received 150 c. c. 
, emulsion of fetal stomach 
, and intestinal contents, 

Nov, 29, 1920, received 125 c c. 
emulsion of fetal stomach 
and intestinal contents. 


June 2, 1927, expelled a living 
calf (279 days), 4 guinea |»igs 
inoculated with uterine ma- 
terial and 4 with colostrum 
failed to contract abortion 
ilisease 

June 15. 1927. 2 guinea pigs in- 
oculateil witli a composite 
sample of milk failed to ac- 
quire abortion disease. 

Apr 9, 1928, bred. 


j Aug. 3, 1928, rocciveil 100 c c. 
emulsion of fetal intestinal 
contents 

Aug. 9, 1928, received 100 c. c. 
emulsion of fetal inte.stinal 
contents. 


; Jan 20, 1929, expelled a living 
calf (280 days), 0 guinea pigs 
I inoculated wuth iilacental 

I emulsion and 0 with colostrum 

1 failed to acquire abortion 

disease. 


VACMUNATED HEIFER 1200 


21. 1925 1 

20. 1925 

29. 1925 

. 2,1926 I 

4, 1925 I 
. 10, 1925 ^ 

10.1926 ( 
15 , 1920 ; 
15,1920 I 

. 16, 1926 I 

22. 1926 

21.1926 

14. 1926 i 

20.1926 i 

24. 1926 i 
. 22, 1926 ! 

19. 1926 I 


4- -f 

+ 4 - 


+ , 4 * 
V 


I 

! -- 
! - 

rv- 



1 

i 

-i 

-1 

J ”” 














! 


Sept. 15. 1925, .subcutaneous 
injection 20 c. c. abortion vac- 
cine {Bad. odorfm? .strains 8, 10, 
and 11). 


June 18, 1926, bred. 
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Table 5. — Records of individual experiment animals- -Couiinwed 
VACCINATED HEIFER 1266— Conrmuod 


AKis'luliuiitmn results when quantity of blood serum 
(cubic centimeters) indicated w'as used 

Date Remarks 




0 04 

0 02 

0 01 1 

No\ . 

2\ 1926 

_ 



Dc(* 

18, 1926 

+ 

J’ 


Jan 

6, 1927 

4 

P 

_ 

Jan 

22, 1927 
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Nov. 26, 1926, lei-oived 159 c. c 
cmulsjoii of fetal stomach and 
intestinal contents. 

Nov 29, ]92fJ leceivod 125 c c 
emulsion of fetal stomach and 
intestinal contents 

Mar 20, 1927, expelled a IniiiK 
calf (275 days), 4 guinea pigs 
inoculated with uterine ma- 
terial and 4 uith colo.striim 
failed to acquire abortion 
disease. 

June 15, 1927, 2 guinea pigs in- 
oculated with a composite 
sample of milk failed to ac- 
quire abortion disease 


Ai)r. 4. 1928, bred 


Aug. 8, 192s. received 100 c. c 
emulsion of fetal in-test inul 
contents 

Aug 9, 1928, received 100 c. c 
emulsion of fetal intestinal 
contents 

Dec 21, 1928, expelled a living 
calf (261 days), 6 guinea pigs 
inoculated with an emulsion 
of the placenta and 6 with 
colostrum failed to acquire 
abortion disea.se; streptococcic 
infection of the placenta. 
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Sejit. 15, 1925, subcutaneous in- 
jection 20 c c. abortion vac- 
cine (liact. abortus stiains S, 
10, and II). 


June 21, 1926, bred 


Nov. 26, 1926, received 1,50 c. c. 
einul.sion of fetal stomach and 
I intestinal con Units. 

. Nov. 29. 1926, received 125 c. c. 
I emulsion of fetal stomach and 
.1 intestinal contents. 

[ 

Mar. 16, 1927, expelled a living 
calf (268 days); 4 guinea pigs 
Inoculated with uterine ma- 
terial and 4 with colostrum 
failed to contract abortion 
(lisouse. 
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Apgliilination lesults w fieri quiinhfv of Mood scrum 
(cutiif ceiitiineters) indicated was used 
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June IT), 1927, 2 guinea pigs 
inociilntfd with a coniposilc 
sail' pie of milk failed to ac- 
quire abortion dis''!ise. 

Oct 20, 1927. 2 guinea jiics 
inofiilated with a composite 
sanqile of milk failed to ac- 
quire abortion disease. 

Mar 21, 192K, bled. 


Aug ri, 192S, loeeived PK) c. e 
einnlsion of fetal intestinal 
contents 

\ug 9, 192S, received 100 c, c 
emulMon of fetal intestinal 
contenls. 

Pec. 2ft, 192ft, e\i»plled a living 
calf (279 da>s), 6 guinea pigs 
inoculated with uteime mnle- 
iial and <• with colostrum 
failed to actiuirn ab(<rtion 
disease. 
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Sept l.'j, 192.''i, subcutaneous in- 
lection 20 c c abortion vac- 
cine {Pad ni'orlus strain 19). 


July 8, 1926, bred. 


Nov 26, 1926, received l.')0 c c 
emulsion of fetal stomach and 
intestinal contents 
Nov 29, 1926, received 12,'> c. c. 
emulsion of fetal stomach and 
intestinal contents. 


Apr. 16, 1927, eviielled a liMiig 
calf (282 days), 4 guinea pigs 
inoculated wvtli colostrum 
failed to acquiio abortion di.s- 
i‘iise, 4 inoculated with uter- 
ine material died within is 
hours of septic infection. 

June l.t, 1927, 2 guinea pigs in- 
oculated with a corniroslte 
sample of milk failed to con- 
tract abortion disease. 

Mar. 26, 1928, bred. 


Aug. 3, 1928, received 100 c. c. 
emulsion of fetal intestinal 
contents. 
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Table 5. — Records of individual experiment animals — Continued 
VACM^INATED HEIFER 1268— Continued 

Agglutination results when quantity of blood serum 
(cubic centimeters) indicated was used 


Aug. 9, 1928, received 100 c. c 
emulsion of fetal intestinal 
contents. 
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olf H living 

calf (280 days); 6 guinea pigs 
inoculated with uterine mate- 
rial and 0 with colostrum 
failed to contract abortion 


Sept 1.*), 192.'>, subcutaneous in- 
jection 20 c. c. abortion vac- 
cine (liact. abortus strain 88). 


June 24, 1920, bred. 


Nov. 20, 1920, received bW c c 
emulsion of fetal stomach and 
intestinal contents 
Nov 29, 1920, received 125 c c 
omulMon of fetal stomach and 
intestinal contents 


Mar :i0, 1927, expelled a living 
calf (279 days), 4 guinea pigs 
irioculateii with uterine ma- 
terial failed to contract abor- 
tion disease, 4 inoculated with 
colostrum acquired abortion 
disease 

May 17, 1927, 3 guinea pigs in- 
oculated with a composite 
sample of milk failed to con- 
tract abortion disea.se. 


Oct. 20, 1927, 2 guinea pigs in- 
oculated with a composite 
sample of milk failed to ac- 
(luire abortion disease. 

Jan. 26, 1928, 3 guinea pigs in- 
oculated with a composite 
sample of milk failed to con- 
tract abortion disease 

Mar. 21, 1928, bred. 

May 1, 1928, bred. 

Aug. 3, 1928, received 100 c. c. 
emulsion of fetal intestinal 
contents. 

Aug. 9, 1928, received 100 c. c. 
emulsion of fetal intestinal 
contents. 

Oct. 24, 1928, aborted (176 days); 
cultural results with fetus 
negative for Bact. abortus; 4 
guinea pigs inoculated with 
placental emulsion, 4 with 
stomach and Intestinal con- 
tents of fetus, and 6 with colos- 
trum failed to contract abor* 
tlon disease. 
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Agglutination results when 

quantity of bloo<l serum 
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Remarks 


Sef)t 15, 1925, siibcu*aneou.s in- 
jection 20 c c abortion vac- 
cine (Had abortus strain 8S) 


Xo brecdiiiit record 


\’o\ 20, 1920, received 150 c c 
crniilsioii of fetal stomach 
and intestinal content's. 
i\ov 29. 1920. received 12*1 c c 
eniiil.siori c»f fetal st<nnach 
an«l intestinal contents. 


18, 1927, o.xpelled a living 
cult 2 Riiinca j*irs inoculated 
w nil idaceiital oniulsioii and 2 
uitb colostinm failed to con- 
tract uboition disease, 

\lai 27, 1928, bred 


A UR 3, 1928. received 100 c c 
emulsion of fetal intestinal 
contents 

VuR 9, 1928. received KK) c c. 
emulsion of fetal intestinal 
contents 


Jan 3, 1929, expelled a livinp 
calf (282 da>s), 0 guinea pigs 
inoculated with placental 
emulsion and 0 w ith colostrum 
tailed to contract abortion 
disease. 


VACt’INATEI) HEIFER 1270 


May 21,1925 
June 20,1925 
July 29, 1925 
Sept. 2,1925 
Oct 4, 1925 
Nov. 10 1925 
Dec. 10,1925 
Jan. 15,1920 
Feb. 15,1920 
Mar. 10, 1920 
Atir. 22,1020 
May 21,1926 
June 14.1020 
July 20,1926 
Aug. 24,1926 




Sept 15, 1925, subcutaneous in- 
jection 20 c c. abortion vaccine 
{Bad abortus .strain 19). 
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Table 5. — Records of individual experiment animals — Continued 
VACCINATED HEIFER 1276-Continuocl 



Agglutmat ion results when (luantit y of blood serum I 

Date 
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Nov. 19. 1927 

P 

1 - 

_ 

~ 

_ 

~ 

___ 

1-- 


Jan 2.5, 1928 

4- 


_ 


— 

__ 



' 

.. 

June 6. 1928 


1 

— 

- 

_ 




. 

July 18,1928 

4- 

P 

— 


— 

— 




_ 

Aug 21,1928 

+ 

- 

— 


— 

~ 



- 

Sept 19, 1928 

4- 

1 

— 


— 

* 




Oet 12,1928 

4- 

— 

_ 


- 

- 


1 - - - 


Oet 27, 1028 

V 

S 

— 


— 

— 

.. 



Nov. 16 1928 

+• 

1’ 

— 

— 

*- 

— 




_ 

Dee 6, 1928 


1 — 


— 


— 

. . 


. 

Dee 19,1928 

4 

— 


— 


— 




Jan. 8 1929 

4- 


— 

— 

— 

_ 




.Tan. 28,1929 

V 



— 

— 

— 





Feb. 28 1929 

f 

— 


— 

_ 

— 



1 

Apr 11,1929 

4- 




- 




... 




* 

VA(^C]NATED TIEIFKK 

1277 

May 21, 192.5 I 

_ 

1 

_ 

_ 



__ 




Juno 26, 192.5 1 

— 

1 — 


— 

— 

— 

... 



July 29, 192.5 

— 

j — 


— 

— 

— 






Sept. 2, 192.5 j 

— 

' 

— 

— 

— 

_ 




Oct 4, 192.5 

4- 

1 -(. 

4 

4 

4 

4 

4 

4 

P 

Nov 1 1. J 92.5 1 

4- 

1 f 

4 

4 

P 

— 

_ 




Dec, 10. 192.5 1 

4- 

4 

4 

4 

r 

— 





Jan. 15, 1926 ; 

+ 

j ^ , 

4 

4 


— 


_ . 



Feb. 15. 1926 i 

+ 

4 

s 


— 



- 


Mar. 16, 1926 j 

4- 

4 

P 1 


— 


_ _ 

_ 



Apr. 22, 1926 1 

+ 

4 


— 

— 


- 

- 

. . . 

May 21, 1926 1 

+ 

4 

s 

— 

— 

— 


-- 


June 14, 1926 I 

4 

1 4 

— 

~ 

— 

- 


... 


July 20, 1926 j 

4- 

, 4 

[ — 

— 

— 




_ 

Aug. 24, 1926 I 

4- 

1 -f 




* 

' 




Sept 22, 1926 i 

+ 

; f 

— 


_ 

_ 




Oet. 19, 1926 1 

4- 

j 4- 

_ 

— 

— 

— 


_ . . 


Nov. 23, 1926 ' 

+ 


— 

— • 

— 



_ - ^ 

- .. . 

Dee. 18.1926 

4 

1 J* 

— 

— 

— 

— ' 





Jail 6. 1927 

4 

: i’ 


— 

— 





Jan. 22,1927 

4 

' 4 

— 


— 







Feb 4. 1927 

4 

i 4 

— 



— 






Feb 19, 1927 

4 

1 4 


— 

— 





Mar. 7. 1927 

4 


“ 1 

~ 

— 





- - _ 

Mar. 21. 1927 

4 

4 

s 

— 

— 






Apr. 4, 1927 

4 

4 










Apr 19,1927 

4 


_ 

_ 

_ 

— . 




Alay 2, 1 927 1 

4 

i* 




— I 




Mav 17, 1927 1 

4 

4 








June 1, 1927 

4 


— 


— 

_ 





June 10, 1927 | 

4 

_ 

_ 



__ 




July 19, 1927 1 

4 









Aug. ^ 1927 

4 


— 

— 


— 1 




Sept. 21, 1927 

4 


— 




1 




Oct. 20,1927 

4 

I _ 




— 1 




N«F. 19,1927 

4 

— 

— 


— 

- 1 





Tlenmrks 


July 1, J02‘i, bml. 

Nov. 2')j 1920, rt'ceivod 150 c c 
emulsion of fetal stonmeh and 
intestinal eontents. 

Nov 29, J92,5, leeeued 125 e e. 
emulsion of fetal stoinaeh and 
intestinal eentenl.s. 


\pr 4. 1927, evpelled a living calf 
(277 (lavs). 4 giiiiiea pigs iiioeu- 
laled with placental (miiilsion 
and 1 with (‘olostrum failed to 
aeipnre uhortion disease 
.June 15, 1927, 2giiinea pigs inocu- 
lated \Mth a (‘oniposite sample 
of milk failed to acquire 
aboi tion disease 


Mar, 22, 192S, bred 


Aug 2, 1928, re('(*ived 100 < . c 
emulsion of fetal intestinal 
contents. 

Aug 9, 192H. leceixed UK) c c 
emulsion of fetal intestinal 
contents 

Dec 29, 192K, expelled a luing 
calf (2H1 days), 6 guinea pigs 
inoculated with placental 
emulsion and 0 with colostrum 
failed to contrael aboition di.s- 
eas(*. 


Sei)t 1.5, 192.5, subcutaneous in- 
lection 20 c c abortion vac- 
cine nhorhifi strain 19;. 


July 23, 1926, bled. 


Nov. 26, 1926, receiveil 150 c. c 
emulsion of fetal stomach and 
intestinal contents. 

Nov. 2t), 1926, recH'ived 12.5 c c. 
emulsion of fetal stomach and 
intestinal contents. 


May 1, 1927, expelled a living 
calf (282 days); 4 guinea pigs 
Inoculated with placental 
emulsion and 4 with colostrum 
failed to contract abortion dis- 

Juno is, 1927, 3 guinea pigs in- 
oculated wdth milk failed to 
contract abortion disease. 
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Table 5. — -Records of individ\ial experijnent animals' —Chniiimoxl 
VACCINATED HEIFER 1277~-Contmued 


Date 


Agglutination results when quantity of blood serum 
(cubic centimeters) indicatei was used 



i 

0.(M 

0.02 

Jan 

25, 1928 1 

-1- 

p 

J line 

6, 1928 

+ 

s 

July 

18, 1928 ; 

4* 

p 

Vug 

24, 1928 ' 

+ 

p 

Sept 

19. 1928 , 

4- 

+ 

Oct 

12. 1928 

-f 

s 

Oct 

27, 1928 1 

1- 

p 

Nov 

16, 192S 

+ 

p 

Dec. 

6, 1928 . 

+ 

4- 

Dec 

19,1928 1 

-1- 

! 1* 

Jan. 

S, 1929 1 

-f 

: + 

Jan 

2S, 1929 1 

f 

i 

Fob 

28. 1929 . 

+ 

1 1’ 

V])r 

IJ, 1929 1 

-f 

1 S 


0.02 1 0 01 I 0 005 0 002 i 0.001 0 0005 




_ ! 


I 


0 0tMJ2,0. 0001 


Remarks 


Mar 22. 1028, bred. 

Apr 21, 102S, bred. 

Aug. 3, 1028, received 100 c c 
emulsion of fetal intestinal 
contents 

Vug. 9, I02S, received 100 e c. 
emulsion of fetal intestinal 
<*ontents 


I .Tan 25, 1028, ev polled a living 
I calf (280 (ia>s), 0 guinea pigs 

j inoculated with jilacental 

' emulsion and (i with colostrum 
failed to contract abortion di.s- 
I ease, 
i 


vaccinated HEIFER 1278 


May 21,1925 

— 

_ 

— 

- 


June 25,1925 

— 

•— 


_ 

— 

Jiilv 29.1925' 

— 

— 


— 


Sept 2, 1925 

_ 

— 


— 


Oct 4,1925 

+ 

4- 


4 


Nov 10,1925 

4- 

4- 

+ 

4- 

f 

Dec 10, 1925 

4- 

+ 

4- 

-1- 

P 

Jan, 1.5,1926 

4- 

-f 


— 


Feb 15,1926 

4- 


— 

— 

— 

Mar. 16, 1926 

+ 

r 

— 

— 

— 

\T)r. 22,1926 

V 

s 

— 

— 

— 

May 21, 1926 

4- 

T* 

_ 

— 

— 

June 14,1926 

H- 

V 

_ 


— 

July 20, 1926 

4- 

V 

— 

— 

__ 

Vug. 21.1926 

4 

P 

— 

— 

— 

Sept 22,1926 

+ 

4- 

— 

— 

— 

( let 19, 1926 

4- 

p 

—■ 

— 

— 

Nov 23. 1926 

4* 

p 

— 

— 

— 

Dec 18,1926 

+ 

P 


— 

— 

.Tan. 6, 1927 

4- 

P 

_ 

— 

— 

Jan 22, 1927 

P 

P 

—■ 


— 

Feb. 4, 1927 

4- 

P 

— 


— 

Feb. 19,1927 

4- 

P 

— 


— 

Mar. 7, 1927 

+ 

S 

_ 


— 

Mar. 21, 1927 

4- 

4- 

s 

— 

__ 

Apr. 4, 1927 

4- 

+ 

— 

— 

— 

Ajir. 19,1927 
May 2,1927 

4- 


— 

— 

~ 

P 


— 


1 — 

May 17,1927 

4- 


_ 

“ 



June 1,1927' 

+ 

— 

— 

— 

1 — 

Juno 16,1927 

4* 

_ 

_ 

— 1 


July 19,1927 

4- 

S 

— 

— 1 


Aug. 6,1927 I 

4* 

_ 




! — 

Sept. 21, 1927 1 

4- 

— 1 

— 

— 

— 

Oct. 20,1927 


— ' 

— 

— ! 

1 — 

Nov. 19,1927 

P 

__ 1 

— 

_ 

1 __ 

Jan. 25,1928 

4* 

— 1 

I — 


— 

June 6,192.8 

P 

_ 1 

' — 

_ 

— 

July 18,1928 
Aug. 24,1928 
Ser»t 19,1928 

P 

8 


- 


Oct. 12,1928 

+ 

_ 1 

— 

— • 


Oct. 27,1928 
Nov. 16, 1928 


— 1 

— 

— 


V 



— 

— 

Doc. 6, 1928 

— 

_ 

— 

— 

— 

Dec. 19,1928 

p 

— 

— 

— 

_> 

Jan. 8, 1929 

p 

— 



— 

Jan. 28,1929 

— 

— 

— 


— 

Feb. 28,1929 

p 

— j 




Apr. 11,1929 

p 






.L 


Se]>t 15, 1025, subcutaneous in- 
jection 20 c. c. abortion vac- 
cine (Bact. abortus strain 88). 


June 20, 1020, bred. 


-i Nov. 2(>, 1026, received 150 c. c. 
I emulsion of fetal stomach 
I and intestinal contents. 

Nov. 29, 1926, received 125 c. c. 
emulsion of fetal stomach 
and intestinal contents. 


Mar. 21, 1927, expelled a living 
calf (268 days): 2 guinei pigs 
inoculated with uterine mate- 
rial and 4 with colostrum 
failed to acquire abortion dis- 
ease. 

June 15, 1927, 2 guinea pigs in- 
oculated wdth a compasite 
sample of milk failed to con- 
tract abortion disease. 


1 i Apr. 2, 1928, bred 


Aug. 3, 1928, received 100 c. c. 
emulsion of fetal intestinal 
contents 

Aug. 9, 1928, received 100 e. e. 
emulsion of fetal intestinal 
contents. 


Jan. 3, 1929, expelled a living 
calf (276 days); 0 guinea pigs 
inoculated with placental 
emulsion and 6 with colos- 
trum failed to contract abor- 
tion disease. 


W31--30 i 
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Table 5. — Records of individual experiment animal — Continued 
CONTROL HEIFER 1289 


Date 


Agglutination results when quantity of blood serum 
(cubic centimeters) indicated was used 



' 0.04 

0.02 

0.01 

jo 005 

0 002 

0.001 

0. ooosjo. 0002 

0. 0001 

Mhv 21,1925 







1 

1 


June 28,192.5 

1 — 

— 

_ 

— 

_ 

_ 

j 


July 29,1925 

1 _ 

— 

— 

_ 

— 

— 

_ __ 1 _ 


Sept. 2,1925 

I — 


— 


— 

— 

1 , . 


Oct. 4,1925 

— 

— 

' — 



— 

- 



Nov. 10,1925 

i — 

— 

1 ~ 

_ 

_ 


' 



Dec. 10,1925 

1 - 

— 


1 — 

— 




Jan. 15, 1928 

1 — 

— 

~ 

— 

— 




Feb. 15,1928 

' — 

— 

— 

! — 

— 

_ 



Mur. 18, 1926 

— 

__ 

— 

' ~ 

_ 

— 



Apr. 22,1928 

— 


— 

— 

— 

_ 

. . 1 -.- 



May 21,1928 


— 

_ 

— 

— 


- : . - 


June 14, 1926 

— 

_ 

— 

— 

— 

— 



July 20,1926 

~ 

— 

— 

' _ 

_ 

_ 

! 


Aug. 21.1926 


— 

— 

_ 

— 

— 



Sept. 22, 1926 

— 

- 

— 

- 

— 

— 



Oct. 19,1926 

— 


— 

— 

— 

_ 



Nov. 2.3, 1928 

_ 


— 

— 

_ 

— 

- 


Dec. 18,1926 

+ 


- 

- 

- 




Jan. 8,1927 

y 

_ 

_ 





; 

! 

Jan. 22.1927 

s 

- 

— 

, - 1 

_ 

— , 



Feb. 4. 1927 

4 

4 

— 


— 1 

_ ; 

! 

1 

Feb. 19, 1927 

-f- 

4 

s 

_ 

i 

! — i 

1 

1 

Mar. 21, 1927 

4 

1 4 

' 4 

4 ■ 

4 1 

1 4 1 

-! 


Apr. 4,1927 

+ 

4 ! 

4 

4 1 

4 



— 

Apr. 19,1927 

4- 

f 

4 

I» 1 

V i 

_ i 



May 2, J927 

■f , 

4 ' 

4 

f“ 1 

4 1 

P ' 


- -1 

May 17, 1927 

4 

4 , 

4 

1 

_ 1 

— ' 



Juno 1,1927 

4* 

f ' 

1 

4 

+ ! 

I 

— j 

: 1 


June 16,1927 

4- 

4 

4 

+ 

P 1 

1 

V 1 

1 


July 19,1927 

4- 

4 ! 

4 

4 ' 

— 

_ ■ 



Aug. 8, 1927 

4- 

4' 

4 

' 4 1 


- 1 

j _ 


Sept 21,1927 

4 

+ 1 

4 

' 1 

~ 


j 


Oct. 20,1927 

f 

4 

4 



— ' 

1 1 


Nov 19,1927 

4 

4 

1 

4 

“■ 1 

— 


.... ! . i 

, 1 


Jan. 25,1928 

i 

4 

1 

4 

4 

! _ i 


1 

1 1 


Apr. 12,1928 

4 

4 

4- 

I ~ i 
{ 


— !' 
i' 

1 

1" - i 








1 

1 1 

i 


Remarks 


June 20, 1026, l)re<l. 
Jul> s, 1926, bred. 


I 


()(t. 23, 1926, bred. 

Nov. 26, 1926, receded 160 c c. 
emulsion of fetiil stomach 
and intestinal contents. 

Nov 29, 1926, recej\ed 126 r. c. 
emulsion of fetal stomach 
and intestinal contents. 


\|)r It, 1627, e\i>elled a <lead 
fetus (173 days). Bad abortus 
isolated from fetus and 4 
guinea pigs inoculated -with 
colostrum acfiuired abortion 
disease. 

June 1."), 1927, 2 guinea plg.s 
inoculated ^ith u composite 
sample of milk contracteii 
abortion disease. 

Oct. 20, 1927, 2 gumeH pigs in- 
oculated with a composite 
sample of milk acquired abor- 
tion disease. 

Jan 25, 1928, 2 guinea pig.s in- 
oculated with u composite 
.sjimple of milk acquired abor- 
tion disease. 


CONTROL HEIFER 127.5 


May 

Juno 

Julv 

Sept 

Oct 

Nov. 

Doc. 

Jan 

Feb 

Mar. 

Apr 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

Jan. 

Jan. 

Feb. 

Feb. 

Mar. 


21. 1925 

26. 1925 

29. 1925 
2. 1925 
4, 1925 

10. 1925 

10. 1925 

15. 1928 

15. 1926 

18. 1928 

22. 1926 

21. 1926 

14. 1928 

20. 1928 

24. 1928 

22. 1928 

19. 1928 

23. 1928 

18. 1928 

6. 1927 

22. 1927 

4. 1927 

9. 1927 

7. 1927 


+ ' - 


i = i 


^ I - 


\ I 


June 20. 1920, bred. 


Nov. 2f)5 1926, received 160 c. c. 
emulsion of fetal stomach 
and intestinal contents. 

Nov. 29, 1926, received 125 c. c. 
emulsion of fetal stomach 
and intestinal contents. 


1 . 
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Table 5. — Records of individual experiment animals — Continued 
CONTROL HEIFKR 127.5-Continiied 


j ARKlutmntion results when quantity of blond serum 
(cuhie centimeters) indicated was used 


Pate 


^ . 




! 



0 04 

0 02 ; 

0 01 

0 (X)5 

0. 002 j 0. 001 0 0005 

0 0002 0. 0001 1 

M ar. 

21,1927 ' 


1 

1 



; - - i 

Apr. 

4, 1927 , 

_ 

! 

1 . ’ 



! 

Ajir 

19, 1927 1 

— 


1 — 

— 

— , _ 


M ay 

2. 1927 

__ 

1 

; — 

— 

- - - - 1 


May 

17, 1927 

-f 

i 1 

i 

+ 



J line 

1, 1927 

+- 

: + 

, < 

!• 

j 


t - --- 

J urie 

10,1927 ' 

+ 

' V 



' 1 1 

July 

19. 1927 


' 



_ _ 1 ! 

\ug 

0, 1927 

-f 

i ^ 1 

; 

__ 

— — 1 ! 

Sept 

21, 1927 

r 

1 _ 


- 

— i 

Ocl. 

29. 1927 

— 

1 — 

- 


_ 1 _ , 1 

Nov 

19, 1927 

— 

[ — 

' ~ 1 

1 — 

' 1 . ; 

Jan 

25, 1928 

1 

- 

— 

- 

i -I . - . 


Remarks 


Mar 2(1, 1927, expelled a living 
calf (279 days); guinea pigs 
inoculated wit.h uterine ma- 
terial and 4 with colostrum 
failed to contract abortion 
disease. 

May 21, 1927, 3 guinea pigs 
inoculated with a composite 
sample of milk failed to con- 
tract abortion disease. 

June IT), 1927, 2 guinea pigs 
inoculated with a composite 
sample of milk failed to ac- 
<iuirc abortion disease 


CONTROL IfKIFER 1280 


Ma> 

21. 1925 i 

- 

- 

June 

29. 1925 ' 

+ 

1’ 

Jul,\ 

29, 1925 1 

f 

s 

SepI 

2, 1925 ' 

4- 

1* 

Oct 

4, 1925 i 

+ 

V 

Nov 

10, 1925 ; 

+ 

!• 

Dec 

10, 1925 

\ 

— 

Jan 

15, 1926 

S 

— 

Feb 

15, 192t> 


— 

Mar. 

16, 1926 1 

1* 

_ 

Apr 

22, 192(. ' 

4 

— 

Max 

21, 192(» 

s 

— 

June 

1 1, 1926 


V 

Jiilx 

20. 1926 , 

f 

s 

Aug 

24, 1926 

f 

s 

Sept 

22, 1926 . 

J’ 

s 

Ocl 

19, 1926 

i 

— 

Nov 

23, 1926 

i 

— 

Dec. 

IS, 1926 


- 

Jan 

6, 1927 ' 

J’ 


Jan 

22. 1927 

V 

p 

Feb 

4. 1927 

■f" 


Fei) 

19, 1927 1 

b , 


M ar 

7,1927 , 

-f 

b 

Mar 

21,1927 

-b 

s 

A pr. 

4, 1927 

+ ' 

-b 

Apr 

19, 1927 1 

b 


.May 

2. 1927 ' 

b ' 

— 

May 

17, 1927 

-b , 

_ 

J line 

I, 1927 , 

b 

_ 

J line 

16, 1927 1 

b- 

— 

July 

19, 1927 , 

-b 

+ 

Aug. 

6, 1927 1 

b 

Sept 

21, 1927 ■ 


_ 

Nov. 

19,1927 1 

d ' 

— 

Jan. 

25, 1}>28 ' 

b ' 

— 


' June 22, 1920, bred. 





-U. . 



No\ 20, 1920, recuved 150 c c 
emulsion of fetal stomach 
and intCvSt inal contents 
No\ 29, 1920, received 125 c c. 
emulsion of fetal stomach 
and intestinal contents. 


.\pr. 1, 1927, expelled a living 
calf (283 days); 4 guinea pigs 
inoculated with uterine ma- 
terial and 4 wuth colostnim 
failed to acquire abortion 
dtsease. 


May 21, 1925 
June 26,1925 
July 29,1925 
Sept. 2,1925 
Oct. 4, 1925 
Nov. 10,1925 
Pec. 10,1925 
Jan. 15,1926 
Feb. 15,1926 
Mar. 16, 1926 
Apr. 22,1926 



1 
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Table 5. — Jiecords of indinidnal experiment animals — Continued 
rONTROT. HEIFER 1303-Contitmcd 


I 

Date [ 


Mav 21, 1926 
Juno 14,1926 
July 20,1926 
Auk. 24,1926 
Sept 22,1926 
Oct. 19,1926 
Nov. 23. 1926 
Dec JH, 1926 

Jan. 6, 1927 
Jan. 22, 1927 

Feb. 4. 1927 
Feb. 19.1927 
Mar 7 1927 
Mar. 21, 1927 
Apr. 4, 1927 
Apr 19, 1927 ' 
May 2,1927' 
May 17.1927 ' 
June 1, 1927 , 
June 16,1927 
July 19. 1927 i 
Aui? 6,1927: 
Sept. 21,1927 ; 
Oct. 20, 1927 
Nov. 19, 1927 
Jan. 2.*), 1928 I 


A PKluti nation results when quantity of blood seruin 
(cubic continietersl indicated wa.s used 


0 04 


0 02 


0 01 I 0 005 ! 0. 002 0. 001 0. (X)05 0. (KK)2|0 0001 


_ I _ 


I - 


+ 



- 


- 




f 

4 

_ 

_ 


_ 



1 ■ ' 

4 

-f 

f- 

4- 

— 





1 - - 

+ 

f 

i 

4- 

4- 

- 




-f 

4- 

i 

4- 

P 

__ 




-f 

4- 

f- 

4- 

— 



1— r— 

1 . . 


4- 

4- 

+ 

_ 

_ 




+ 

-f 

1 

, 4- 


— 




+ 

1 1 1 

-f 

-4 

-- 

_ 1 

1 




4- 

1 4 


, 'f- 

' 

— 1 

--- 1 



i 

1 4- 

1 -1- 1 

' f- 

' 1 

, 4- ' 





+ 

4- 

. 4- 

f 

' + 

+ ' 


t 



+ ! 

1 4- 

f- , 

4- 

4- ! 

! -t- 

4 ' 

— 

— 

+ i 

1 + 

f 1 


4" ] 

1 

— 

.. 


+ ' 

4- 


4- 

-f ' 

' d ■ 

+ ! 

4- 

— 


! 

! Remarks 


1 

1 

i Jul> 3, 1926, bred. 


Nov. 26, 1926, received 1.50 c c. 
emulsion of fetal stomach 
and mlcstmal contents 
Nov 29, 1920, receued 12.5 c c. 
emulsion of fetal stomach 
and intestinal contents 
Feb, 3, 1927, evpellod a dead 
fetus (215 day.s), Pact abortv/t 
isolated fiom fetus, 4 puiuea 
pifjs inoculated with colos- 
trum contracted abortion 
fliseaso 


June 15, 1927, 2 RUiiiea pips inoc- 
ulatetl with a composite .sam- 
ple of milk faile<l to contract 
abortion disease 

Oct 20, 1927, 2 guinea pins inoc- 
ulated with a composite 
.sample of milk contracted 
abortion disease. 


('ONTROL HEIFER 1.304 


Ma> 21, 192.5 










June 26, 192.5 

— 



— 

— 

__ 


. 


Julv 29, 1925 

— 

— 

— 

— 

— 

— 




Sept. 2, 1925 

- 


— 

— 

— 

— 

. _ 


_ 

Oct. 4,1925 


— 

— 

— 

“ 

— 

. 



Nov. 10,1925 

— 
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June 27, 1926, bred 


Nov. 26, 1926, received 150 c. c, 
emulsion of fetal stomach 
and intestinal contents 
Nov. 29, 1926, received 125 e. c. 
eimilsion of fetal stomach 
and intestinal contents 
Feb. 1», 1927, expelled a dead 
fetus (236 days); Pact abnrtuK 
isolated from fetus; 5 guinea 
pigs inoculated with colos- 
trum contracted abortion 
disease 

June 15, 1927, 2 guinea pigs inoc- 
ulated with a composite 
sample of milk contracted 
abortion disease. 

Oct. 20, 1927, 2 guinea pigs Inoc- 
ulated with a composite 
sample of milk contracted 
abortion disease. 
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.furiti 2,1928, ~ j - 

July 18.1928 1 - I - 

A UR. 24, 1928 I - 1 - 

Sopt 19, 192H ' - ^ - 

‘»ct 12,1928; - I - 

Oct 27,1928' ~ ! - 

No\ 10, 1928 ' - ' _ 

)H^c 0,1928 ~ I - 

Occ 19,1928' - i - 

•Jan 8, 1929 - 1 - 

■Tiin 28, 1929 ~ ) - 


i Fob 0, 1928, bred 

! A UR .3, 1928, receiveti 100 c c 
I piTiiilsion of fetal intestinal 

I contents 

I A UR 9, 1928, received 1(K) c c. 
, emulsion of fetal intestinal 

I contents 

' Xov 21. 1928, expelled a livmR 
I calf (288 days), 0 guinea jijg.s 

I inoculated with plaeental 

, TTiaterLil and .I with colostrum 

faded to contract abortion 
I disc, ISO 
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Oct 12. 1928 j - 
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Xo\ 10, 1928 - - - I 

' ec 0.1928 - I „ 

i>ec 19,1928 - I - 1 

Jan 8, 1929 — - .1 

Jan 28, 1929 - - - • 


\pr 3, 1928, bred 


Aug 3, 1928, leceived 100 c c 
emulsion of fetal intestinal 
contents 

Aug 9, 1928, received 1 00 v c. 
p nulsion of fetal intestinal 
contents 


iloc 28, 1928, expelled a dead 
calf (209 dax.s), 8 guinea pigs 
inoculated with uterine ina- 
teiial and 4 with colostrum 
failed to acquire abortion 
disease 
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Apr 4, 1928, bred 

Aug 3, 1928, received 100 c e 
emulsion of fetal intestinal 
contents 

Aug. 9, 1928, receixed 100 c c. 
emulsion of fetal iiitostinul 
contents 


Oec 18, 1928, exiielled a living 
calf (2r>s da.ys); 0 guinea pigs 
inoculated w ith placental 
material and 0 with colostrum 
contracted abortion 
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Mar 24. 1928, bred 

Apr. 14, 1928, bred. 

' Aug. 3, 1928, rec«ived 100 c. e 
emulsion of fetal intestinal 
contents. 

Aug 9, 1928, received 100 c. c. 
emulsion of fetal intestinal 
contents. 

Nov. 18, 1928, expelled a dead 
fetus (2-18 days); JHact abortus 
isolated from fetus; 6 guinea 
pigs inoculated wuth colos- 
trum contracted abortion 
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Table 5. — Records of individual experimetd animals — Continued 
CONTROL HEIFKR 1453 

Agglutination results when q 
(cubic centimeters) ini 

0 04 ' 0. 02 I 0 01 i 0. 005 I 0 Wi 


DISCUSSION OF RESULTS 

The three heifers receiving the vaccine of supposedly inediuni viru- 
lence {Bacterium abortus strain 19) gave evidence of not only resisting 
the localization of the infection in their bodies but of successfully with- 
standing the degree of Bact. abortus exposure to which they were 
subsequently subjected. One of the three heifers which received the 
vaccine that was regarded as most virulent {Bact, abortus strain 
88) appeared to be rendered a more or less permanent carrier of th(' 
infection in the udder, and one of the five heifers receiving vaccine 
prepared from strains 8, 10, and 11 that had been under artificial 
cultivation longest failed to resist the invasion of the disease when 
later exposed. The Jimited data accumulated with reference to the 
proper virulence of Bact, abortus strains for calfhood vaccination, 
therefore, suggested that strains of medium virulen(‘e might be 
superior either to those of prolonged artificial cultivation or to those 
of very recent isolation. 

The breeding records of the animals used in the experiment failed 
to suggest that the use of the vaccine induced sterility, for only on rare 
occasions, as is indicated by the individual records, did either the 
principals or the controls fail to conceive on the first breeding. 

While 2 of the 11 vaccinated animals eliminated Bacterium abortus 
in their colostrum either duidng their first parturition, or second, or 
both, Tables 3 and 4 show that 5 of the 10 controls from similar 
Bad, abortus exposure also became eliminators of the infection 
through this channel at times of calving or aborting. Since udder 
infection of but one principal could in fairness seemingly be charged 
to the vaccine injection, and since the most recently isolated strain of 
Bact, abortus was .used in the preparation of the vaccine which 
this particular animal received, the method was not regarded as being 
seriously objectionable in this respect. The results of the experiment 
were, on the whole, encouraging. 

CONCLUSIONS 

The information which this oalfhood-immunization experiment 
yielded leads to the following conclusions : 

;It is possible, by the subcutaneous administration of abortion 
vaccine during calmood, to engender in bovines an immunity to 


Date 


July 18,1928 
Aug. 24,1928 

Sept. 19, 1928 
Oct. 12,1928 

Oct. 27,1928 
Nov. IG, 1928 
Oec. 6, 1928 
Dec. 19,1928 
Jan. 8, 1929 
Jan. 28,1929 


luaiitity of blood serum 
licuted was used 


0 OUl 0 ()0U5 0 0002 0.0(N)] 


- Breeding date not recorded 
. Aug. 3, 1928, received 1(K) c. c. 
emulsion of fetal intestinal 
contents 

. Aug. 9, 1928, received 100 c c. 
emulsion of fetal intestinal 
contents 

Aug 28, 1928,e\|)elled a seem- 
ingly normal calf: 5 guinea 

-I pigs inoculated with placental 

j material and 4 with colos- 

J truin failed to contract abor- 

j tion disease 


688 
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Bacterium abortus iiifo(*tioii (hat is readily deuionstrable during their 
first pregnancies. 

The iinnuinity atrorded by early vaccination, possibly somewhat 
reinforced by Bacterlam abortus ingc'stlon ex])osures, seems to continue 
through second gestation. 

\ ac(*/ine prepared with a Bacterium abortus strain of medium viru- 
lence may be pnd'erable to those of very recent isolation or those of 
long-continued propagation on artificial media for calfhood-immuni- 
zation puri)oses. 

Vaccination during calfhood does not a])pear to produce effects that 
are manifested as sterility when the animals arrive at breeding age. 

LITERATURE CITED 

(1) Bax<j, 15. 

1900. iNFECTioiTs AHouTioN IN CATTLE. Joiif C'oinpar. Path, iiiul Tlior. 
19: 11911 202 

(2) L5]Kcn, R R , and Cilman, II. L 

1924. A STUDY OF BA\(i AB()RTION DISEASE IN CATTLE. N. Y. Stiltc Wt 

Col. Rpt. 1922/23: 02-155. 

(3) Fitch, C P, and Hoad, W L. 

1921. STTU)1ES OF THE VALUE OF VA(THNES AND BACTEKINS IN IMMUNIZINC 
(’ATTLE TO BA<’T ABORTUS (BANCJ). Jour. AlllOr. Vct. Mcd 

Assoc (n s. IS) 05: 407 121 

(4) Hadlev, F B 

1921. BKSULTS FROM IMMUNIZINO CATTLE UIAINST ABORTION. JoilF 

.ViiKM* Vct. M(*d. Assoc, (n s. 13) 00- 20-33, illus. 

(5) Hart, C. K , and Traum, .1. 

1925. THE RELATION OF THE SUBCUTANEOUS ADMINISTRATION OF LIVINO 

BACTERIUM ABORTUM TO THE LMMUNITV AND CARRIER PROBLEM 
OF BOVINE INFECTIOUS ABORTION. C^alif. Expl . Stil. Tocll. 

Paper 19, 50 p. 

<1*0 Huddleson, 1. F. 

1921. STUDIES OF A NON-\ IllULENT LIVING CULTl'RE OF BACT. ABORTUS 
TOWARD PROTECTIVE VACCINATION OF CATTLE AGAINST BOVINE 
INFECTIOUS ABORTION (B.ANG’s ABORTION DISEASE). Midi. Arf. 

K\pt. Sta. Tech. Bui. 05, 30 p. 

(7) .Iknsen, C. O. 

1921. OM BEKACMPELSEN AF K V^GETS SMITSOMME KASTNING. Mliaiiodsskr. 

Dyrlacgcr 33: |305| 321. 

(S) Klimmer, M. 

1922. DIE BEKAMPFUNG DES SEUCHENH AFTEN ABORTUS DER HINDER DURCH 

scHUTz-iiNi) HK1LIMPFI7NG Muiichcn. Ticnirztl Wchnsohr. 73: 
1154 1157, 1177 1181, [1197|-1201. 

(9) Lubbehusen, R. E., collaboratiniu with Fitch, C. P., and Boyd, W. L. 

1920. A STUD^ OF THE \ ALUE OF THE LIVING VACCINE l.N THE CONTROL OF 
BOVINE INFECTIOUS ABORTION. Millll. Agl*. Exjlt. Sta. Tccll. 

Bill. 43, ]) 106 185. 

(10) McFadyean, .1 , and >Stockmav, 8. 

1909. EPIZOOTIC ABORTION IN (’ATTLK. [(it. Brit.] Bd. Agr. and Fish- 
eries, Dejit Com. Rpt. Pt. 1: 1-43. 

(11) Smith, T., and Littt.e, R. B. 

1923. studies in vaccinal immu.nity toward diseases of the bovine 

placenta due TO BACILLUS ABORTUS (INFECTIOUS ABORTION). 
Rockefeller Inst. Med. Research Monog. 19, 124 p., illus. 

(12) ZwicK, W., Zeller, H., Krage, E., and Gmindeh, A. 

1920. die IMMUNISIERUNG GEGEN DAS ANSTECKENDE VKRKALBEN. Al’b. 
Reichsgsndhtsanit. [dermany] 52; [375]-467, illus. 




THE CATALASE CONTENT OF THE COLORADO POTATO 
BEETLE DURING METAMORPHOSIS* 


By David K. Fink - 

Entomologist ^ Division of Truck-Crop Insect Investigations ^ Bureau of Entomology^ 
United States Department of Agriculture 

INTRODUCTION 

111 a prfwioiis paper, dealing with respiratory metabolism during 
the embryonic and met amorphic development of insects, the writer (5)^ 
pointed out several striking results in the gaseous exchange obtained 
during prepupal and ]nipal development. From an analysis of the 
data shown in Figures 0 to 10, inclusive, of that article, the inference 
was drawn that the curves represented the rate of metabolism during 
histolysis and pupal differentiation. That such an inference was 
justified is apparent from the marked diminution in the rate of gaseous 
exchange during the first few days of tlie prepujial condition, as illus- 
trated by the descending ])hase of the curve and by the gradual 
increase in the rate of oxygen consumption and carbon-dioxide output 
during the last days of the prepupal period, as illustrated by the 
as(H*nding phase of tlie curve. 

In view' of these investigations, it seemed to the writer a matter 
of considerable iiiten^st to determine whether other physiological 
phenomena of insects were markedly influenced during metamor- 
phosis. An attempt was therefore made to observe the changes in 
the catalase content of the Colorado potato beetle, Leptrnotarsa 
decemlineata (Say) during its histolysis and pupal differentiation. 

REVIEW OF LITERATURE 

There are no records in tlie literature wliicli indicate determinations 
of catalase during the complete metamorphosis of an insect. Altliough 
Burge and Burge (4) investigated the catalase content of the potato 
beetle in different stages, no attempt was made by these writers to 
trace the course of activity of catalase during metamorphosis. 

Other investigators have sought by experiment to determine the 
influence of certain hormones on the course of metamorphosis. 
Thus, Kopec (.9), in one of a series of papers on the metamorphosis 
of insects, stated that the administration of thyroid extracts to 
caterpillars of Lymantria disvar did not cause any distinct changes 
in the duration of the larval or pupal period. From other experi- 
ments performed on caterpillars of the gipsy moth, Kopec (7, S) 
concluded tliat probably, through the agency of internal secretion, 
the brain had the separate functions in hormonal action of causing 
histolysis of larval tissue and retarding the development of imaginm 
disks. 
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Tiegs (1^) holds that metamorphosis is brought about by a wide- 
spread death of tissue, due to an automatic starvation of larval cells. 
He argues that the cell contents, which increase as the cube of the 
radius of the growing cell, can not be nourished indefinitely through 
the cell membrane, the area of which increases only as the s(juare of 
the radius. Bataillon (f), as the result of certain experiments on 
silkworms, decided that an accumulation of carbon dioxide in the 
tissues was an attendant factor in metamorphosis. This theory, 
however, has been disproved by the recent experiments of Singh- 
Pruthi (f /), who placed larvae in a saturated atmosphere of carbon 
dioxide and found that this gas did not hasten metamorphosis but 
markedly retarded it. 

MATERIAL AND METHODS 

To observe the changes in catalase content during the histolysis, 
histogenesis, and pupal differentiation of the potato beetle, determi- 
nations of oxyg(»n liberated from hydrogen ])eroxide by catalase were 
made with an apparatus essentially similar to the one described by 
Burge (e^) in his research on the effect of work on catalase of muscle. 
Two inverted burettes, each of 50 <*. c. capacity, were held in place 
by clamps and iron stands, the mouths of the burettes })eing set in 
a shallow pan of water and connected by means of glass tubing to a 
small flask in which oxygen was generated. By means of suitable 
screw clamps the flow of oxygen hberated by the a(‘ti()n of catalase 
upon H 2()2 in the generating flask could be diverted to one or the other 
of the two inverted burettes, and the volume of oxygen obtained by 
displacement of water in a given time was read on the scales of the 
burettes. The volumes of gas were reduced to standard conditions of 
temperature and pressure. 

In view of the work of Morgulis, Beber, and Rabkin {JO) and 
others, who have determined that destruction of catalase may occur 
when an excess of H 2 O 2 is present, it seemed necessary to determine by 
preliininary experiment the minimum quantity of H 2()2 to use in the 
investigations on the potato beetlq. By preliminary trials with single 
larvae and pupae during 20-minute periods starting with various 
concentrations of superoxol from 0.5 to 5 per cent, and in other tests 
by also gradually increasing the quantity of superoxol solution from 
lb to 30 cubic centimeters, it was found that at the end of 20 minutes 
no further oxygen was evolved when 30 cubic centimeters of a 3 per 
cent superoxol was used. This quantity was therefore adopted in all 
of the experiments with the potato beetle. 

Mature, or nearly mature, larvae of the potato beetle, collected in 
the field, w^ere brought into the laboratory and isolated in 1-ouncc 
tin salve boxes containing damp sand in which the larvae might bury 
themselves when ready to pass through the prepupal period and trans- 
form to the pupa. The larvae in the salve boxes were kept at a tem- 
perature of 22° to 25° C. and examined twice daily, and a record was 
kept of the duration of the prepupal stage, the exact date of the for- 
1 lation of the pupa, and the development of the pupa. 

In the experimental procedure for determination of catalase, 
a single larva was first weighed to the nearest milligram, ground in a 
mortar with a definite quantity of clean sand (washed and dried), 
and immediately transferred to the stoppered generating flask of the 
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apparatus already described; to the mixture was added 30 cubic 
centimeters of a 3 per cent solution of superoxol, previously adjusted 
to pH 7.0. I'he evolution of oxygen was observed as has been 
described. 

Determinations of catalase were first made on mature larvae 
before they entered the soil for prepujiation, and on material of each 
day of development thereafter throughout the prepupal and pupal 
stages. The experiments were conducted on three series of larvae 
collected during July and August. A series consisted of determina- 
tions of the oxygen li})erated for each day of development, commencing 
with the mature larva, and extending through the prepupal and pupal 
periods. At least 10 determinations, conducted at room temperature, 
were made each day during the development of the insects in the 
series. In each determination the evolution of oxygen was limited to 
20 minutes, the volume of gas collected being measured by successive 
readings for each of four consecutive r)-minute periods. 


Taiu.e 1. — Oxygen h berated from hydrogen ^peroxide by the caialaHe of the Colorado 
potato beetle, at ^utervals of one day, during prepupal and pupal development 
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EXPERIMENTAL DATA 


To indicate the relative catalase content for each day of develop- 
ment of the insect, data from three complete seudes were averaged. 
Table 1 presents for each day of development the average volume, in 
cubic centimeters per gram of insect material used, of oxygen liberated 
in each of the 5-minute periods, and the total of these averages for 
the entire 20 minutes. 

Striking differences in the proportion of catalase present at succes- 
sive stages of development arc suggested by the varying quantities 
of oxygen evolved per gram, as shown in each of the five cohunns of 
results. The quantities for the four 5-minutc periods are presented 
graphically by the lower four curves in Figure 1, the totals for the 
20-minute interval by the top curve. The most pronounced inhibi- 
tion of activity of catalase was observed to occur on the first and 
second days of the prepupal period. As compared with the similar 
activity in the mature larva, the oxygen liberated in the 20-minute 
period on the first day of the prepupal stage was 16 per cent less, and 
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on the second day it was at its lowest recorded point of 1 9 per cent less. 
On the third and final day of the prepupal stage it was only 0.8 per 
cent less. On the following day, with the pupa formed, the evolution 
of oxygen in the 20-minute period reached its maximum, being 6 per 
cent greater tlian that for the mature larva, and exceeding it for the 
only time. Thereafter a steady decline was recorded imtil the lowest 
liberation of oxygen was obtained wdth the sixth day of the pupa 



FiotTRK 1 —Average quantities of oxygen evolved from hydrogen peroxide by the action of catalase, 
in the Colorado potato beetle, for each day during the prepupal and pupal stages. The top cun e 
shows the total oxygen produced during 20 minutes for eacli day of development. The four lower 
curves, in order, beginning at the top, indicate the average evolution of oxygen in four consecutive 
fl-minute peiiods, the sums of the ordinates for each day being the average total oxygen produced 
m the 20 minutes allowed for each individual determination 

(formation of the adtilt), a reduction of 51 per cent from the rate for 
the mature larva. 

Although the typo of curve indicated for the oxygen released by 
catalase during histolysis very closely resembles the curve for CO 2 
also evolved during histolysis, it is quite evident from the subsequent 
divergence of the former curve from that of the CO 2 during pupal 
development that they do not measure the same reaction. Burge 
and Burge { 4 ) attributed the increa.se in the rate of oxidation in youth 
and its decrease in old age to the increase and decrease in catalase in 
the respective cases. Bodine { 2 ) found that in the case of certain 
insects the content of catalase decreases with increasing age and with 
starvation, and that in hibernation there is a marked decrease in the 
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output of CO 2 with no corresponding change in catalase* content, and 
Fink id) found a correlation between the rediu^ed activity of catalase 
and diminished respiratory metabolism in starving and hibernating 
insects, and that catalase activity of hibernating beetles is greatly 
reduced and their total catalase content is lower than that of old or 
young active beetles. Jt is agreed among ])hvsiologists that increased 
excretion of CX )2 niay be (‘onsidered a satisfa(‘torv index of develop- 
ment, since that excTotion is generally accepted as an index of metabo- 
lizing tissue. The excretion of CX )2 is also a far better index of growth 
than increase in weight, since the latter may also be due to an increased 
content of inert or nonliving substances. C^atalase content, however, 
is not an index of growth or development, since the curve produced 
by its action on hydrog(*n ])eroxide does not parallel that of C ()2 
(luring the entire development, although it approximately does so 
during histolysis. The contemt of catalase seems to ()(*crea.^e during 
the puj)al dev(‘lo])m(mt, whereas the exendion of (^(>2 increases. 

The extensive disruption of tissue during histolysis may ac(iount 
partly for the decreased content of catalase manifested during the first 
few days of the ])repiipal period. If, as pointed out by other investi- 
gators, the function of the catalase is to prevent the formation of 
hydrogen peroxide in the living tissue, the low (‘atalase content usually 
UKUisured during histolysis might indicate that during this period an 
exceptionally large supply of catalase was recjuired by unhistolyzed 
tissue to neutralize the excess peroxide formed during the process of 
histolysis, and that the catalase found at this time was simply that 
remaining after the dissociation of the peroxid(' in the living tissue. 

SUMMARY 

The variation in the activity of catalase during the metamor})hosis 
of the Colorado ])otato beetle, Lfptiriotar.<a decemlineata (Say), 
beginning with the mature larva, was ascertained by making daily 
determinations of the (piantity of oxygen i)er gram of tissue evolved 
from hydrogen pero.xide by the action of catalase during prepupal and 
])uj)al development. 

Analysis of the resulting data indicated a reduction in catalase of 
1() per cent on the first day of histolysis and 19 per cent on the second, 
followed on the third day of histolysis by an increase which, when the 
pupa was formed, reached the maximum of G per cent above that of 
the mature larve. Tlie decline in content of catalase during pupal 
developiuent was continuous thereafter until a reduction of 51 per 
cent below that of the mature larva was reached with the formation 
of the adult. 

The curves here obtained for catalase content and those previously 
reported by the writer for oxygen consumption and excretion of 
carbon dioxide (5) were similar for the prepupal period of histolysis. 
During pupal clevclopment, however, the catalase curve declined 
rapidly, whereas the curves for oxygen and carbon dioxide followed 
the usual growth curve. 
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INTRODUCTION 


TIk' cotton ])Iant. pnxhiccs two distinct types of branches, which 
occu])y diH’erent ])ositions and have ditlerc'nt striictun's and functions. 
Tlu‘se are the iipri<j:ht ‘Minibs’^ or veiretative branches, wliich do 
not produce flow(‘rs or bolls, and the fruiting bram'hes, which assume 
horizontal positions and on which are deveJoped the floral buds. 
Cook • has shown that in addition to the bud that s(Mwes to continiK'- 
the growth of the shoot, each node of the main stalk produces two 
other buds, one in the axil of the leaf and another to the ri^ht 
or left of the axil, called an extra-axillary bud. The axillary buds 
usually remain dormant, but may be develoi)ed into vegetative 
branciies when conditions for luxuriant, growth are favorable. The 
fruiting branches arise from the extra-axillary buds on tli(‘ main stalk 
and on veij:('tativ(' branches. 

The fruiting*; branch(‘s also ])roduce two buds at each node, corre- 
sj)ondinj2: to the two types on the main stem. These are a flowed 
bud, wdii(‘h appears Ixdwecm the bases of the stipules, and an axillary 
bud, which is formed in the axil of the leaf. It has been observed 
that the axillary buds on the fruitinii: branches of K^yptian cotton 
differ somew hat in morpholojry and behavior from those on the upland 
type. These distinctions and their possible relationship to cultural 
[Problems and studies in bud sheddinf^ are presented in this paper. 


COMPARISON OF AXILLARY BUDS ON EGYPTIAN AND UPLAND 

COTTONS 


Crider ordinary conditions of growdh a jrreater part of the axillary 
buds on the fruiting branches of upland cotton remain dormant, 
but in cases of exceptional luxuriance, or when the terminal growth 
of the branches or main stem is injured, a considerable number 
of them may undergo further development and produce short vege- 
tative branches. (Fig. l.)’^ 

In Egyptian cotton the axillary buds on the fruiting branches 
seldom if ever remain donnant for any great length of time. They 
emerge from their positions in the axils of the leav^es as minute 
triangular buds or ‘^squares,” about two or three days after the 
extra-axillary bud on the same node, and at first in all respects appear 
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like normal fruit buds. They are unlike the axillary buds of upland 
cotton in that they are usually unattended by a leaflet with stipules. 
(Fijz;. 2.) Under ordinary conditions their growth continues for 

only a few days, and 
then they drop off or 
begin to shrivel and 
finally dry up into 
minute dark-colored 
bodies, many of which 
rtunain attached to 
the fruiting branches. 

If the plants are 
especially productive 
or if the terminal 
growth of branch or 
main stem is aborted 
or injured, a number 
of the axillary buds 
may continue devel- 
opment. When this 
occurs there usually 
is produc(‘d a single 
boll on a long stem 
(fig. 8), but occasion- 
ally two or more bolls 
may develop. Some 
of the boll stems have 
the appearan(‘e of sim- 
ple pedicels, but man}" 
of tlu'm show’ some 
type of joint and oc- 
casionally small bract- 
like leaves or stipules, 
which indicate that 
the pedicels^’ com- 
prise shortened 
branches, (^ook * 
points out that in 
reality three inde- 
pendent (3lements are 
represented in such 
stems — an axillary 
branch, a fertile 
branch from the axil- 
lary, and the pedicel 
of the boll, all fused 
into a simple stem. 
This type of fusion is 
carried much farther in Egyptian cotton than in upland cotton. 
In upland cotton the boll stems invariably have a well-defined 
joint to indicate that a branch is involved. (Fig. 4.) 

< Cook, O. F. dimorpujc bkaw hes in tkopical ( rop plants: cotton, coffkk, cacao, thk central 
AMERICAN rubber TREE, AND THE BANANA. U. S. Dept. Agf., Bur. PlftHt IpciUS. Bul. 198, 64 pp., lUUS. 
}9n. 



Ft<riRE 1 -A frail mg branch (in two sections) of Acala (upland) cot- 
ton, showing development of axillary buds at every node. This 
developinenl occurred late in the season, long after the .shedding of 
extra-axillary bolls on the first four nodes, who,se positions are shown 
by the .scars. At node A the largest bud shown is the extra-axillary, 
and the .small bud to tfte left is the axillary. At node 6 only the 
extra-axillary bud is visible 
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FACTORS THAT AFFECT DEVELOPMENT OF AXILLARY BUDS 

The difference in the l)ehavior of the axillary buds in the two 
types of cotton is of inijxirtance in relation to some of the production 
problems that are peculiar to certain of the irrigated valleys of the 
Southwest. In these regions the ^rowinp: seasons are lonf^;, but the 
cotton plants are frecjuontly forced to undergo periods of severe 



FifsvRE 2 -Relative positions of extra-aviUary and a\illar\ fruit buds at each node on the fruiting 
liranches of Pirria Egyptian cotton plants The small a\illar.v buds or squares can be seen, at 
the base of the leaf petioles, as they appear when three or four tlays old, and are about ready to 
drop otY or shrivel up. It will be noted that these buds usually do not develop the subtending 
leaf and stipules which characterize this type of bud in upland cotton a, Avillary bud, 6. pedi- 
cel of extra-axillary bud, c, {letiole of leaf 


Stress, resulting from improper w^ater relations when high tempera- 
tures prevail. Since the axillary buds on the fruiting branches of 
Egyptian cotton do not remain domiant and ordinarily survive for 
only a few days, it is apparent that any stimulus that would influence 
the retention and further development of these buds must be exerted 
before or during the few days when they are in full vigor of grow^th. 

With upland cotton, on the other hand, the establishment of the 
proper conditions can apparently stimulate the growth of the dormant 
axillary buds at any time during the growing season, especially if the 
plants have previously thrown off a large part of their extra-axillary 
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fruit. In some of the hot interior valleys of the irrigated region the 
upland varieties are prone to undergo excessive shedding of buds 
and young bolls during periods of lugh temperature, and in some 
seasons many of the plants may shed all of the bolls and buds that 

are in the early stages 
of development during 
such periods. It has 
been observed that af- 
ter climatic conditions 
have moderated near 
the close of an espe- 
cially hot and unfavor- 
able summer many of 
the upland plants that 
have undergone ex- 
cessive shedding may 
begin to develop at 
almost every node, 
these short axillary 
branches bearing one 
or more floral buds. 
(Fig. 5.) Some even 
emerge from the first 
nodes near the main 
axis, where in rare 
cases a mature boll 
may be found on the 
same node. 

Not infrequently it 
may be observed that 
two cycles of flowering 
are in progress on 
the same fruiting 
branches, some of the 
later nodes bearing 
extra-axillary flowers 
while the older inner 
nodes may carry flow- 
ers on short axillary 
branches. (Fig. G.) 
While under Arizona 
conditions a large 
number of these tardv 
floral buds may reach 
the flowering stage, it 
is only seldom that 
they reach maturity, 
on account of injury 
by frosts, and conse- 
quently they fail to play any important part in tile final yield. How- 
ever* where the seasons are longer, as in the valleys of southern 
California, it has been observed that in some seasons late-matured 
bolls from short axillary branches contribute materially to the yield. 



Figure a. —Axillary and extra axillary bolls of Pinia cotton, showing 
difference m type of boll stems. The axillary bolls usually have 
long steins and often show some semblance of a joint 
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Fiouke 4. —Axillary bolls of Pima and Acala cotton, illustrating dilTarent types of pedicels. The 
four Pima bolls shown at the left and top center are smaller and have longer stems and are more 
deeply pitted than the four Aoala bolls 
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EFFECT OF REMOVAL OF EXTRA-AXILLARY BUDS ON DEVELOP- 
MENT OF AXILLARY FRUIT 

Experiments were be^un in 1926 to determine to what extent the 
retention and development of axillar37 buds could be influenced by 

the removal of the 
fruit buds in the extra- 
axillary positions. In 
this season the defruit- 
inp: process was not 
started until June 17, 
after the plants ha(l 
already developed sev- 
eral fruiting branches, 
some of which had 
borne buds tliat had 
almost reached the 
flowering stage. 

T wen ty -seven nor- 
mal I^irna plants were 
selected from a group 
of well-grown plants in 
a single row about 200 
feet long, and all the 
fruit buds were re- 
moved from 17 of t hem 
on tliat date. Ten 
other plants of aliout 
eciual size, interspersed 
among these 17, were 
selected as controls 
and tagged for obser- 
vation as to the devel- 
opment of axillary fruit 
under normal condi- 
tions. In an adjacent 
row planted to the 
Acala variety 10 plants 
were selected on the 
same day and 5 of them 
w^ere def riiited, the 
other 5 being desig- 
nated as controls. 
From June 17 until 
September I the extra- 
axillary fruit buds on 
the 17 defruited Pima 
plants and the 5 de- 
fruited Acala plants 
were pinched out every 



rKsrBh f) \ fruitiiic branch of Acala cotton (in two .sections), 
showing an axillary boll developiiiK at each node lutein the season. 
The extra-axillary fruit had shed naturally from the first four nodes, 
and the sears are (dearly shown. The flower at the fifth node is 
from an extra-axillary bud 


two or three days and a tag was attached to the intemode to show 
the date of removal. On October 11, diagrams were made of all of 
the plants to show the location of the axillary fruit and the number 
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of va(‘Hni nodes. The data obtained from these diagrams are shown 
in Tables 1 and 2. 

In 1928 a more careful study of axillary fruit ])roduction was con- 
ducted on 10 Pima and 9 Acala plants from which the extra-axillary 



Fn.vitu. T) Fruit iriK liraiiche.s of Acala cotton, .slum inn a\illar> buds 
ready to fU)\\cr, on nodes behind flowers and bolls that have been 
develoiied in the exlra-aMllary luisitions. Thus it soiiiet lines haj)- 
pens on upland cotton that a second wave of flowerinj? ina> be in 
I>r ogress after tiial which norniallj occurs 

buds were removed daily and on 10 control plants of each variety 
which were allowed to ^row normally. The defruiting process w’as 
started on June 1 and discontinued on September 4. The influence 
of this defruiting on the plants is shown by the data in Tables 3 and 4. 
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Table 1. — Growth of main stem., number of nodes and axillary buds developed, 
axillary buds shed and percentage retained on Pima and Acala cotton plants on 
vdiich the extra-axillary buds were removed every two or three days during the 
season, at the United States Field Station, Sacaton, Ariz^, in 1926 


Variety iind 
plant N 0 . 


Ileight of 1 
plant I 


Nodes on 
friiitiuK 
branches 


Axillary 
buds re- 
corded on 
fruiting 
branches 
June 17 to 
Sept. 1 


Axillary 
buds re- 
corded as 
shed before 
flowering 


Axillary 
buds re- 
tained to 
Oct. 11 


Axillary 
bolls ma- 
tured on 
main stem 


Extra-axil- 
lary buds 
removed 
during 
season 


Tima: 
K.. 
2 ... 
3. . 

4.. . 
6_- 

7.. . 

]()_. 

11 -- 

12_ 

13.. 


15.. 
1(L- 

17.. 


Inches 

72 
70 

73 
<»8 
73 

78 
00 
f)6 

73 
80 
72 
81 
84 

74 

79 
78 

80 


Number 

109 

120 

118 

84 

138 

140 

102 

08 

99 

126 

94 

2(i4 

197 

187 

133 

190 

KW 


Number 

M 

51 
44 
31 

52 
55 

43 
28 
39 

44 
33 
83 

124 

106 

77 

85 

87 


Number 
16 
25 
25 
12 
21 
27 
22 
10 
15 
8 
17 
20 
55 
46 
• 40 
43 
38 


Per cent 
75 0 I 
51.0 ! 

43.2 { 
61 3 I 
59 (\ \ 
50.8 ; 

48 8 ; 

64.3 
61 5 , 
81 8 i 

48.5 i 
61 2 . 

55 7 ‘ 

56.6 I 
48. 1 , 

49 4 I 

56 3 1 


Nu mber 
12 
9 
4 
4 

4 

10 

5 
7 
5 


17 

15 I 
15 I 
11 1 


Number 

116 

99 

95 

71 

131 
118 

91 

58 

88 

101 

74 

176 

147 

138 

109 

152 

132 


Mean i 74. 


Acala: 

1 

2 . 

3- 

4... 

5 


Mean, 



9±2. 43 j 57. 24dr I 68 8. 6:1-0. 74 (111. 52rt 5. 26 


66 I 
78 ' 
84 I 
66 ! 
84 I 


54 8 : 
52 2 I 
40.4 ! 
38 9 
33 9 ' 


5 I 
23 , 

8 i 

3 I 

4 : 


185 

197 

171 

166 

170 


6dz2.92 44 04d^2 89 , 8. 6=t2. 65 i 177 8i- 4 H 


Table 2. — Growth of main stem and number of nodes and axillary a?id extra- 
axillary bolls produced on normally developed Pima and Acala cotton plants at 
the United States Field Station, Sacaton, Ariz., in 1926 “ 


Vanety and jdnnt No 

Height of 
plant » 

No<lcs on 
fruiting 
branches 

Axillary 

boils 

matured on 
fruiting 
branches 

Axillary 

bolls 

matured on 
main stem 

Extra- 

axillary 

bolls 

matured 

riino: 

1 

r, 

6 . 

8*---’ ‘ 

9 

10 

Inches 

66 

61 

65 
tU) 

66 
61 
51 
65 
58 
58 

Number 

79 

108 

118 

49 

64 
70 

50 

65 
43 
56 

Number 

0 

4 

1 

0 

0 

0 

0 

1 i 
0 1 

Number 

0 

0 

0 

1 

0 

0 

0 

0 

1 0 

i 1 

Number 
. 47 
73 
85 
40 
44 
52 
33 
39 
27 
38 

Mean .. . . 

61 4=1:1 m 

70. 2=h6. 50 ! 



0. 7=h0 213 

i 0. 2d=0. 09 

47. 8=1=3. 96 

Acala: j 

1 

56 

102 ' 

0 

I 

0 

21 

2 1 

59 

120 1 

0 

0 

35 

3 1 

65 

114 

0 

0 

25 

4 i 

59 

99 1 

0 

0 

28 

5 

04 

130 

0 

1 0 

36 

Mean 

60.0=fcJ.21 

113.0=1=4.11 

0 

0 

29.0d=2.07 


• The total number of a.xillary buds which developed and shed on the normally developed plants was 
not recorded in 1926. 
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Tabi*e 3. — Number of nodes, axillarj/ buds dfveloped, axillartf htids shed, and y>rr- 
centage retained on Pima and Acala cotton plants on which the extra^axillary 
buds were removed daily during the season, at the United Slates Field Station, 
Sacaton, Ariz., in iO'2S 


Variety and plant No 


rima 

1 

2 

A . 

4 -. 


S 

It - 
10. 


Meaii- 


Acala 

1 

il 

4-. 


Alo'in 



Axillary 

Axillary 
buds re- 


Extra- 

Nodes on 

buds 

recorded 

Axillary 
buds le- 
tamed to 
llowei mg 

axillary 

buds 

fruiting 

on fruiting 

corded as 

remox e<l 

tiranches 

branches 
June 1 to 

shed tiefore 
llowei mg 

during 

season 


Sept. 4 



.Vm mhfr 

Nu rnber 

Number 

Per cent 

Number 

21 1 

ir,o 

120 

20 0 

175 

1H4 

12.'i 

99 

20 8 

100 

173 

127 

100 

10 5 

1.58 

I7« 

120 

93 

22 5 

155 

lfi2 

107 

90 

10 3 

144 

Ift.'i 1 90 

81 

10 0 

130 

170 

118 

81 

.>1.4 

158 

J.W 

87 

74 

: 14 9 

133 

1K9 

117 

93 

i 20 5 

172 

199 

. ]3<) 

! llo 

1 Ib.i 

109 

J77.H±4 32 

117 7rLl 23 

' 90 H±‘A 27 

1 18.23d:-l 39 

150 i)±2 93 

113 

90 

03 

30 0 

114 

130 

2.W 

r>i 

31 

, 42 0 

113 

mi 

97 

39 8 

205 

no 

.->1 

39 

1 27 8 

92 

99 

' 47 

31 

34 0 

74 

137 

.'ll 

31 

1 33 3 

92 

173 

04 

' 28 ' 50 3 

115 

119 

33 

1 ^ 

87. 9 

78 

127 

39 

17 

j 50 4 

87 

144 3d:: 10. 73 

(M 9:1-9 09 

' 38 2Jr0 20 

1 45 34d- l 22 

107 8d:9 18 


heijiht of plants and tlu‘ mimbor of uvillaty bolls matureii on mam stein ueie not recoided in I92S. 


Table A.— Number of nodes, axillary buds developed, axillary buds shed, percentage 
retained to flowering, and number of extra-axillary buds retained, on normally 
developed Pima and Acala cotton plants at the United States Field Station, Sacaton, 
Ariz., in 1928 " 


A'ariety and jilant No. 

1 

Nodas on 1 
fi uiting 
liranches 

Axillary 
buds 
recortled 
on fruiting 
bi anches 
June 1 to 
Sept 4 

Axillni y 
buds re- 
cordeiJ as 
shed before 
flowering 

Axillary 
buds re- 
tained to 
flowering 

Extra- 

axillary 

buds 

retained to 
flowering 

Puna* 

Nainber 

79 

Number 

47 

Number 

44 

Per cent 

0. 4 

Number 

20 


80 1 

53 : 

51 

3.8 

30 


08 ! 

42 

42 

0 

29 


78 

40 

40 

0 

24 


09 

38 

37 

2. 0 

28 

0^ ^ ^ 

7 


37 

30 ! 

2 7 

24 

04 

34 

32 

5. 9 

24 

H 

53 ! 

30 

25 

29 

3.3 

20 


51 

25 

0 

25 

10 ' -- . 

03 

30 

35 

2.8 

25 

Mean . ^ 

67.0d:2.23 

.38.2±1 70 

~i7A±i. 00 

"i 7b±. 503 

25 5±1.02 

Acala: 

08 

2 

2 

0 

50 

i.. 1 

4 . 

rj 

b 

7 

8 

9 

10 - 

78 

03 

109 

90 

81 

87 

104 

98 

96 

5 
0 

22 

4 

1 

6 

2 

1 

6 

5 

U 

22 

4 

1 

4 

2 

1 

6 

0 

0 

0 

0 

0 

20,0 

0 

0 

0 

38 

29 

31 

36 
34 

37 
54 
47 
41 

Mean 

93. 4 ±2. 13 

4.8dbl.40 

1 4.7±1.39 

2. 0±1. 39 

39. 7±1. 81 


• Tl.; height'of anrthe lium^r of aiillwy aFter flowering were not recorded In 1928. 
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It will be observed from these data that the removal of the fruit 
buds in the extra-axillary positions eaused the plants to grow taller 
than normally and to produce a much greater number of mternodes. 
The fruiting branches of the defruited plants were much longer than 

those of the normal 
plants and a greater 
number o f fruiting 
branches was devel- 
oped. In 1920 the 
mean number of in- 
ternodes pj'oduced on 
the defruited Pima 
])lants was 141 d.8.3, 
while the mean num- 
I)er on the normal 
Pima plants was 
70 i 5.5 Since the 
observations were not 
(‘ontinued throughout 
the season, the num- 
ber of axillary buds 
re(‘orded in the tables 
does not represent the 
total number that de- 
veloped, as many buds 
liad appeared and 
shed before the obser- 
vations were begun, 
and a larger number 
appeared after Sep- 
tember 1 . In 1920 an 
average of 1 1 1 :£ 5.3 
(‘xtra-axillary b u d s 
were removed from 
the Pima plants and 
178 ±4.1 from the 
Acala plants, and in 
1928 an average of 
1 5 0 ± 2.9 buds per 
j)lant were removed 
from the Pima plants 
and 108 ± 9.2 from the 
Acala plants. A large 
proportion of axillary 
buds were developed 
to maturity on some 
of the defruited 

S lants; in some cases three or four bolls were matured on a single 
ranch. (Fig. 7.) "In 1920 the mean percentage retained until the 
end of the season was 57.2 ±1.7 for Pima and 44.0 ±2.9 for Acala. 
The effects of the defruiting on the retention of the axillary buds did 
not become apparent on the Pima until the process had been in prog- 
ress for some time. Very few axillary bolls were developed on the 



Jb’iouRE 7 —Axillary bolls protlucei:! on a single fruiting branch of a 
Puna cotton iilarit on which no extra-axillary fruit was allowed to 
develop . 
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Figure S.—Pirna cotton plant showing bolls produced from axillary buds The extra-axillary 
buds were removed every two or three days during the season 
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lower Vjranchef^ of the Pima plants, and at the end of the season most 
of the axillary bolls retained were found on the outer nodes of the 
middle branches and on the late-developed branches at the top. 



Figure 9.— Two Acala cotton plants that have produced bolls from axillary buds only. The extra- 
axillary buds were removed daily soon^ after they appeared. Note that many of these bolls are 
developed on nodes close to the main axis, while most of those on Pima cotton (hg. 8) developed 
on outer nodes and near the top of the plant. This is due to the fact that axillary buds on upland 
cotton usually remain dormant and may be stimulated to growth at any time, while on Pima 
cotton the axillary buds are shed or dry up on the plants a few days after appearance unless some 
stimulus occurs to force them into further development 

(Fic. 8.) With the Acala variety, however, many of the axillary 
buds on the inner nodes of the lower branches became active after 
defruiting had been carried on for a time, and at the end of the season 
a etmsiderable number of mattired axillary bolls were found on the 
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lower and middle branches, even on the nodes near 4he main axis. 
(Fi^. 9.) 

It will be observed that very iew axillary buds developed to ma- 
turity on the normal plants of Pima or Acala in either 1926 or 1928. 
However, plants grown under the most favorable conditions oHen 
develop to maturity a considerable number of axillary bolls in addi- 
tion to the extra-axillary crop. Jn 1927 a count showed that the 
mean number of axillary bolls matured on five large, wide-spaced 
Pima plants was 6.4, in addition to a mean of 68.2 extra-axillary 
bolls. 

In Arizona certain varieties show a greater tendemy than others 
to produce, axillary fruit. Plants of the sea-island type, which in 
this region usually do not produce any bolls until late in the season, 
often produce large numbers of axillary bolls on the upper fruiting 
branches and on the outer nodes of older branches. In 1927, 10 
representative sea-island plants set an average of 9.8 axillary bolls 
per phuit. The native southw^estern varieties, Hopi and Sacaton 
AlM)riginal, also show^ a tendency to produce an unusual amount of 
axillary fruit. Diagrams made of 10 Sacaton Aboriginal plants in 
1927 show^ed an average of 10.2 axillary bolls per plant. 

AXILLARY BUD DPWELOPMENT ON PLANTS AFFECTED WITH 
CRAZY-TOP DISORDER 

Jn recent years there has appeared in many cotton fields of the 
Salt Kiver Valley a p('(‘uliar disorder known as crazy toj), w^hich 
(‘auses sterility and results in many abnormalities of the aifected 
plants. In studying the effects of tliis disorder on the plants it has 
lieen observed that upon the arrival of cooler and more favorable 
weather conditions in the fall some of the more luxuriant upland 
])lants that have been almost sterile from crazy top wdll begin to 
develp axillary branches and bear floral buds at many of the nodes 
from which extra-axillary bolls have been shed. Pima plants that 
hav{» been rendered practically sterile by the disorder, although hav- 
ing no reserve axillaiy buds on the lower internodes of the branches 
as do the upland plants, are able to produce ^^supernumerary” bolls 
late in the season on new- joints, by retaining a large proportion of 
the axillary buds. Frec|ucntly large clusters of bolls are observed 
in the tops of Pima plants affected with crazy top as a result of this 
tendency toward recovery. (Fig. 10.) As in the case of sterility from 
normal stress effects, the development of this fruit from axillary 
branches occurs late in the season, and it is not often that enough of it 
matures to be a factor in production. However, it is of interest from 
the standpoint of physiology and from its indication that there is a 
tendency toward recovery from the disease. 

SHEDDING OF AXILLARY BUDS ON EGYPTIAN COTTON 

It would appear that some investigators have failed to recognize 
that there is a difference in the morphology of the Egyptian and 
upland cotton plants with respect to the axfllary buds. In studying 
the relative proportioffis of buds, flowws, and bolls from 1,300 Egyp- 
tian plants at Giza, in Egypt, Balls ® collected weekly all the inate- 

W. L. the cotton plant in EGYPT. 202 p., illus. London. 1012. 
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rial beneath the plants and presented an analysis of the results in the 
form of shedding curves. 

Bailey and Trought,^ working with the Ashinouni, Assili, and 
Sakellaridis varieties, found ^‘that the great majority of buds fall 
off at a very early stage when the bud is only about 2 mm, or less in 
width measured across the epicalyx.^’ In an experiment carried out 
in 1923 they reported that the number of buds and bolls which were 
shed by 40 Sakellaridis plants during the period June 20 to Septem- 
ber 26 was as follows: 


Small buds (not more than 5 mm. in diameter) 787 

Larger buds 275 

Bolls (all ages) — 92 


From these data they (*,oncliided that about 60 per cent of the 
‘possible crop' was lost in this case through bud shedding, while 



FKiURE 10 —Pima cotton plants as they commonly appear late in the season when affected by the 
crazy-top disorder U will be noted that most of the bolls that are set are on the terminal 
nodes, A part of the crazy-clustered appearance of the bolls Is due to the retention of the axil- 
lary fruits 


boll shedding ac'.counted for about 6 per cent of the total." In this 
experiment, as in those conducted in 1921 and 1922, these investi- 
gators used the “catch-net" system of collecting all of the buds that 
dropped off each day and classified them into ages according to size. 

The experiments conducted by the writer indicate that in a study 
of bud shedding 'the method of collecting the fallen buds from the 

f round or in catch nets is open to serious error. Should this method 
e followed with Pima Egyptian cotton, the number of squares 
falling into the class measuring less than 5 mm. across the epicalyx 
would be far too high if considered as an actual loss of “possible 
crop," since it is never possible to obtain two bolls at each node 
throughout the plant, no matter how favorable the conditions. 


« Bailey, M. a., and Thought, t. growth, BUP-siifiDDiMG, and flower froduction in Egyptian 
COTTON. Egypt Min. Agr., Tech, and Sci, Bui. 66, 8 pp„ illue. 1927. 
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Obviously, many of the rudijuentary axillary buds, Avhi(‘-h emerge 
with as great repilaritv as the '‘normar’ buds, but which only rarely 
develop into bolls, would be included in the count, since liiider ordinary 
conditions they drop olV when at a size of from 1 to 5 mm. across the 
epicalyx, though many shrivel up and remain attached to the plants 
for long periods. 

The great similarity of these a.xillary buds and the extra-axillary 
buds would make it impracticable to distinguish between the two 
kinds if all were collected together. (Figs. 1 1 and 12.) It will bo seen 
from Table 4 that the mean number of axillary squares developed on 
the normal Pima ])lants between rfune 1 and September 4, 1928, w^as 
8Si].S. Practically all of these Avere shed, and had they been 
counted with the shed extra-axillary squares the total number would 
have been nearly twice as great as the mean number of vacant extra- 
axillary nodes on the plants. 


SUMMARY 

The axillary buds and branches on the fertile branches of Egyptian 
cotton differ in morphology and behavior from those on upland 
(‘otton. 

In the Pima variety of Egy[)tian cotton rudimentary axillary 
branches begin development with the advent of minute* triangular 
buds in the axil of each leaf, but ordinarily this development is cut 
short by the shedding or drying up of the buds, which maintain active 
grow th for only a few^ days. 

In upland varieties the axillary buds usually remain dormant, but 
they can be stimulated to grow th at any time later in the season. 

In Arizona, axillary buds on upland plants frequemtiy begin devel- 
opment late in the season, especially on luxuriant plants that have 
slied excessively during the summer, and a second cycle of flowTring 
may occur on the older fruiting branches. 

The axillary buds and bolls on both ty])es of cotton are usually 
developed too late to contribute materially to the yield under Arizona 
conditions. 

Removal of the extra-axillary buds artificially by pinching off the 
new^ buds at frecpient intervals resulted in more axillary buds being 
retained by the Pima plants and many of them continued development 
to maturity. 

The renioval of the extra-axillary buds on upland plants stimulated 
many of the axillary buds into development, and a considerable 
number of them w^re retained by the plants until maturity. 

On the defruited Pima plants the axillary fruits that matured w^erc 
located only on the internodes developed late in th^ season, while on 
the defruited upland plants a greater part of them matured on the 
iiiternodes developed earlier in the season. 

The artificial removal of the extra-a.xillary buds caused the plants 
to grow’^ much taller and to produce longer and more numerous fruit- 
ing branches than nonnally. 

Both Pima and upland plants that have been rendered almost 
sterile dimng the summer from effects of the crazv-top disorder may 
develop a large number of axillary fruits late in the season, those on 
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the upland plants being produced on both early and late developed 
intemodes, while those of Pima form only on the late growth. 

The large numbers of very small buds that are shed naturally from 
the axillary positions on Egyptian cotton make it impracticable to use 
the method of collecting the shod squares or young bolls as a basis for 
estimating the “possible crop" or for assigning a proper ratio of shod 
buds and bolls, as has been attempted by some investigators. 



LINUM NEOMEXICANUM (YELLOW PINE FLAX) AND 
ONE OF ITS POISONOUS CONSTITUENTS ' 


By W. W. Egolekton, AHsislatit Bolanistj (), F. Black, Senior Biochemist^ and 

J. W. Kelly, .7 unior Biochemist^ Office of Drug and Related Plants, Bureau of 

Plant Industry, United States De pariment of Agriculture 

INTRODUCTION 

TJio senior writer, while examining plants oti a range where cattle 
had been poisoned about Willow' Spring tank, on the western slope of 
Sitgreaves Mountain, Tusavan National Forest, Ariz., noticed small 
patches of yellow pine flax (Linntri neormxlcmtum). A few" days later, 
in the Ton to National F\)rest, this same species w^as found in abundance 
along the old wagon road from Pine, Ariz., to Flagstaff, near the top 
of Mogollon Rim. This wagon road w^as in use for many years as a 
stock trail and for freighting purposes, but is now paralleled by an 
automobih' road. The place wdiere the flax grew’ in greatest abundance 
was the site of an old camp ground, and much stock had been poisoned 
in that vicinity. Although there was no dire(‘t evidence to connect 
L. neomexicanuin with these fatalities, samples were collected and 
sent to the laboratory, where they were examined, with the result 
that a poison of glucosidal nature was isolated. The object of the 
j)resent paf)er is to give a botanical description of the plant and some 
facts concerning the poison derived from it. 

In the fall of 1880 E. L. (ireene discovered this interesting species 
w hile living at a little mining camp of Pinos Altos in the Pinos Altos 
Mountains, Grant CV)unty, N, Mex., and described it in the Botanical 
Gazette of March, 1881,^ 

The plant is now' knowm in New Mexico, north to the middle and 
west forks of Gila River, (*ast to the Black Range, and south in the 
Big Burro and San Luis Mountains to Guayanopa C-anyon in the 
Sierra Madrc of Chihuahua. In the southeastern Arizona it is know'ii 
in the Chiricahua Mountains, the Huachuca, the Rincon, the Santa 
Rita, the Pinal and the Mule Mountains, and extends northwestw^ard 
along Mogollon Rim to Sitgreaves and Cedar Mountains. 

Two other w'ild flaxes are found in the grazing country, and both 
of them are suspected of poisoning sheep. Gne, Linum lemm, a 
blue-flowered flax, occnirs on the higher mountain ranges; the other, 
L, rigidum, a yellow-flowered species, occurs in the Pecos Valley in 
Texas. 

BOTANICAL DESCRIPTION 

Linum neomexicanum Greene. Yellow" pine flax. (Fig. 1.) Annual, or winter 
annual herb, flow'ering in August, erect, glabrous, slightly glaucous, stems simple, 
branched from near tlic base, slender, angled, 1 to 2 feet tall ; low'er leaves opposite 
below', becoming alternate above, erect or ascending, sessile, glabrous, about 
one-half inch long, lanceolate, oblong, entire, acute, crow-ded near the base, 
becoming narrower and farther apart al)ove, bracts lanceolate to linear; pedicels 
one-fourth to one-half inch long; sepals 5, persistent, lanceolate to ovate, acumi- 


' Received for publication July ifi, 1930; issued November, 1930. 
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Journal of Agricultural Research, 

Washington, D. C. 

( 716 ) 


Vol. 41, No. 10 
Nov. 16, 1930 
Key No ^G-74(5 





Nov 15, mo 


Y ellow Pine Flax and One of Its Poisonous Constituents 717 


nato, glandular, serrate or entire, about one-fourth inch long, sjiortcr than the 
carpels; petals 5, yellow, one-fourth inch long; stamens 5, longer than the sepals, 
united at the base; filaments linear-lanceolate; capsules ovoid, incompletely 
10-celled, one-fourth inch wide, unribbe<l; seeds flattened, oblong in outline, 
light brown, shining. 

Diainhutionr- New Mexico, Arizona, aiirl Chihuahua (M(*xico). 

5,000 to 8,000 feet. 


TOXICITY 

No ineinbor of the family Linacoao has liiihorto been proved to 
cont ain material that is actively poisonous, alLhoiif>:h it is well known 
that some of them possess the eyanoj^(‘netie ^lueosid(‘ linarmarin. 
(du(‘osides of this type, however, are found in other plants eommonly 
use<l for forage, as, for instanets sorghum, and in feeulstuffs, as flax- 
seed cake, which is fretjuently used as a concentrate for fattening? 
cattle, although it usually contains small amounts of hydrocyanic 
acid. IJfmm cathartiens, so far as the writers hav(‘ l)eon able to dis- 
cover, is the only sp(^ci(‘s of flax known to possess physiolof^ically 
active properties, anel e^veui in this case it is a matteTof dispute whether 
the substance founel, linin, has the purgative (dfe'cts that we^re* earlier 
attribiiteel to it.'^ 

EXPERIMENTAL WORK 


The air-elried plant was grounel te) moderate fineness anel 50 {^m. 
was testeel for the* presence e)f hydiwyanie*. acid by distillation wdth 
acid, anel the distillate* was treated fe)r Prussian blue*. Tlie results, 
he>w’e*ver, were* ne^gative*. The same pro(‘,edure was repeated afteu 
the* ji:re)unel material liad be‘en allow^enl to mace*rate for an hour in the* 
jjresence of emulsin. This also yielded a negative result. These 
te‘sts, e)f e‘e)urse, de) not she)w^ conclusively that the fresh plant does not 
ce)ntain hydre)cyanie' acid, l)ut the ])robabilities are that it de)es not. 

As a preliminary test for toxicity, an aqu(‘e)us extract was prepared 
by steeping (H) gm. e>f tl»e plant in successive portions e)f hot water 
until tlie material was theuoughly exhausted of wate*r-soluble sub- 
st ances. The* w ater extract w as evaporated on the steam bath to small 
bulk, lilteuTd, and maele* up to exactly 100 c. c. One-half of this, 
representing 30 gm. of the plant, W’as fed to a rabbit per os by means 
of a stomach tube. The animal seenu'd little affected, although it 
was inert and deject(*d during the day, but that night it died. Next, 
a white mouse was given subcutaneously oiu'-fourth <*. c. of tlie same 
solution, equivalent to 0.15 gm. of the plant, and manifested the sajne 
b(*havior, dying within 18 hours. The results indicated that the plant 
contains a poisonous substance or substances. 

To gain a clearer idea of the nature of this jioisonous material, 
180 gm. of the ground plant was extracted in a Sohxlet apparatus, 
first wuth ether, then wdth alcohol, and linally with water. All three 
of these extracts, when given subcutaneously to mice in very dilute 
water solution, proved fatal, and the animals exhibited the same 
symptoms in every case. The ether extract, on evaporating off the 
solvent, taking up the water, and evaporating to dryness, left a minute 
cjuantity of limt-y ellow gum only slightly soluble in water, from which 
it separated in concentrated solution in the form of yeUow oily glob- 
ules. A similar material was prepared from the alcohol and water 
extracts, much the greater quantity being found in alcohol. 


* Uii.ta, J. 8., Rnd W'ynnk, W. P. unin. fLondonl Chem. S()C. Proc. 21: 74. 1905. 

KoBKRT, II. WE ABFtlHBKNDK WlRKUNU VON UNOM CATHARUCUM. Pharm. Ztg. 50: 370. iWft. 
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It seemed to follow from these results — ^namely, that the poisoned 
animals exhibited the same sjrmptoms from each of the extracts and 
the same material could be isolated from aU three extracts — that a 
single poisonous substance was involved which was sparingly soluble 
in water and in ether, but much more so in alcohol. 

PREPARATION OP THE POISON 

The dried ground plant was thoroughly extracted with boiling 95 
per cent alcohol. The alcohol was mstilled from the extract, the 
ressidue taken up with water, and the precipitated chlorophyll filtered 
off. Lead acetate was added to the solution, the resulting precipitate 
removed by filtration, and the excess of lead with hydrogen sulphide*. 
The aqueous solution thus obtained was concentrated to small bulk 
on the water bath and then shaken out several times with acetic 
ether, which removed the active principle. On evaporating the sol- 
vent, a light-yellow gummy residue remained, which gradually dried 
to a hard, brittle, resinous material. By this procedure it was found 
that 100 gm. of the plant yielded 6.6 gm. of the crude poison, or 6.6 
per cent. That the material prepared as described contains the active 
principle in the plant was proved beyond any doubt by its effect on 
mice. Given by injection or eaten on bread it proved fatal in every 
case, with the symptoms as described above. 

CHEMICAL PROPERTIES OP THE POISON 

The toxic substance is amorphous and has so far resisted efforts to 
crystallize it. It contains no nitrogen. It reduces Fehling’s solution 
after boiling with dilute hydrochloric acid, but not before; and this 
property in conjunction with its solubility in acetic ether, suggests 
the probability that it is a glucoside. No recognizable products result- 
ing from its hydrolysis were found. Likewise, no significant substances 
were found by either oxidizing or reducing agents. With concentrated 
nitric acid it gives a brilliant carmine red color which gradually fades 
to brown. It yields a permanent foam when shaken with water, sug- 
gesting a saponin. It dissolves in water to the extent of 3 parts to 
100 at 20° C., and is more soluble in hot water. It is very soluble in 
ethyl or methyl alcohol, but sparingly soluble in most of the other 
common organic solvents. 

In what has preceded the writers have endeavored to show that 
Linum neoniexkanum contains a poison of a highly toxic nature,' and 
that it should be classed among plants dangerous to animals. The 
poison is probably a gluoxiside and slow in action but fatal in minute 
doses when administered either subcutaneously or per os. The new 
substance has been provisionally named “lino toxin.” 



PHOTOPERIODIC RESPONSE OF SOYBEANS IN RELATION 
TO TEMPERATURE AND OTHER ENVIRONMENTAL 
FACTORS* 

By W. W. Garner, Principal Physiologist in Charge^ and 11. A. Allard, Senior 
Physiologist , Office oj Tobacco arid Plant Nutrition^ Bureau of Plant Industry^ 
United States Department of Agriculture 

INTRODUCTION 

In earlier papers ^ ^ dealing with the effect of relative length of day 
and night on plant growth and development, considerable attention 
was given to the contrasted responses of early and late varieties of 
soybeans to changers in day length. These contrasted responses 
seemed to be correlated with the changes in behavior of the different 
varieties under field conditions with advance of the season. Of the 
four varieties stiidietl under field conditions in the vicinity of Wash- 
ington, I). C., the Biloxi consistently behaved as a very late variety, 
earliest plantings first coining into flower about September 1 and 
failing to mature seed; the Tokyo was somewhat earlier, the first 
plantings usually flowering early in August and successfully matur- 
ing seed; the Peldng flowered about 10 days earlier than the Tokyo, 
or towuird the (dose of July, being well adapted to the rt'gion; the 
Mandarin behaved as an early variety, flowering 3 to 4 weeks after 
germination. Thus the normal vegetative periods of early plantings 
of the four varieties, in the order named, are about 95, 65, 55, and 25 
days, respectively. 

It w as found that, when early plantings of the four varieties are 
exposed to an artificiallv shortened daylight period of 10 to 12 hours 
or less, all varieties tend to flow-er at about the same time, namely, 20 
to 25 days after germination. In other words, all behave as early 
varieties. Again, in field plantings of the four varieties made at 
intervals of three or four days through a single growing season, the 
v('getative period of plantings of the Mandarin made during the 
months of June and July did not change materially; while in the 
()th(^r varieties there was a progressive shortening of the vegetative 
period as the season advanced. The latest variety, Biloxi, showed 
the maximum shortening of the preflowering period of growth with 
advan(*e of the season. Hence, in the late })lantings there is, again, an 
evident tendency in all varieties to behave as when exposed to an 
artificially shortened day length in early summer. However, the 
diiratiorrof the vegetative penod of the late plantings failed to reach 
the lower level of 20 to 25 days obtained with the shortened day 
lengths in early summer. Moreover, a considerable lengthening of 
the vegetative period w^as observed in the very early plantings of all 


* Hoedvod for i)ublK*tttion .Tune 2S, UWO, issued Noveraher, 1930. 
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varieties, inchiding the Mandarin. The tentative conclusion was 
reached that under practical conditions in the field the differences in 
behavior of soybean varieties with respect to time of flowering are 
due primarily to length of day, while the relatively low temperatures 
of late spring and early fall exorcise a retarding influence on the 
flowering stage in both the very early and the very late plantings of all 
varieties. 

METHODS 

It seemed probable that the relationships existing between the 
early and late forms of soybeans were more or less applicable to a 
large group of species of which the different fonns normally flower on 
different dates in early and late summer and early fall. It appeared 
very desirable, therefore, to obtain more definite data on the inter- 
relationship of length of day and temperatui'e as influencing the 
initiation of reproductive activity in the different varieties of soy- 
beans under natural conditions in the field. Such information sliould 
be of considerable value in arriving at a conclusion as to the a(‘,tual 
significance of length of day as a factor in the natural distribution of 
plants and their adaptation to different latitudes. 

For this purpose three series of experiments were carried out. In 
the first series, field plantings of the four varieties of soybeans were 
made at regular intervals of four or five days throughout the growing 
season at Washington for the years 1920 and 1922 to 1927, inclusive. 
The results in this series furnish a basis for determining the normal 
behavior of the different varieties with the advance of the o])en season 
in the vicinity of Washington. In the second series of tests, })lantings 
were made in the greenhouse at regiilar intervals throughout the year 
and the mean temperature was maintained at an approximately uni- 
form level. In the third series, beginning as early in the spring as 
outside conditions At^ould penrut, plantings of the soybeans were made 
in boxes in the greenhouse at regular intervals, and as soon as germina- 
tion had taken place the plants were subjected to a fixed day length 
of 10 hours under approximately outdoor conditions. To accomplish 
this the usual arrangement of trucks on steel tracks and ventilated 
dark houses was employed.'^ The^ plants in the first series, of course, 
were subjected to the natural conditions of day length and tempera- 
ture prevailing during the open growing season; those in the second 
series were exjiosod to the natural change in day length taking place 
throughout the year, but under a relatively fixed mean temperature 
approximating that of midsummer; the only essential difference 
between the treatment given in the third series and that given in the 
first series was that the plants in the third series were exposed to a 
constant day length of short duration. 

EXPERIMENTAL DATA 

FIELD PLANTINGS MADE AT INTERVALS THROUGH THE GROWING SEASON 

The plantings were made at intervals of three to five days through 
the season in accordance with the plan followed in 1919, as described 
in the writers' first paper.® The tests were carried out each year from 

<A description of the outfit used Is contained in an earlier publication. See Gaener, W. W., and 
KLLknv, n. A. Op. clt., p. 559. (See footnote 2.) 

» Oabwbr, W. W., and Allard, H. A. Op. cit., p. 600. (See footnote 2.) 
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1920 to 1927, inclusive, except in 1921. The period required for j 2 :er- 
niination of the seed naturally varied soniewliat, depending on pre- 
vailing weather conditions, and consequently the dates of germina- 
tion did not conform rigidly to the schedule of plantings. Jn order 
to tabulate the experimental data in summarized form, the actual 
dates of gennination w ere arbitrarily grouped into periods of one w eek 
each and the middle of the week w^as taken as the average date of 
germination for a group. For example, all plantings germinating dur- 
ing the week of May 16 to 22 are classed as having germinated on 
May 19. In some instances an error of one or two days for the aver- 
aged dates of germination may be involved, but the results are suffi- 
ciently accurate for practical purposes. The earliest date on which 
(lowering had become general in each planting w^as noted, as was the 
average height attained by the jdants. The results are presented in 
smnmarized fonn in Tables 1, 2, 3, and 4. The data previously 
obtained in 1019 also are included in the tables. Because nf poor 
seed the Tokyo plantings in 1923 were largely a failure and are not 
included in the tables. 

The av('rag(5 values for the 8-year period are shown graphically in 
Figure 1. The graph for Biloxi plantings in the greenhouse covering 
the same period of the year, as described under the next section, is 
added to facilitate comparison. The seasonal (‘hange in length of 
day, which of course is essentially uniform from year to year, is 
sliown graphi(*ally in Figure 2. The average mean temperature dur- 
ing the vegetative period of each planting of the four varieties for 
the eight years was cojupiited from the Weather Bureau records, 
and the values a})plicable to the Mandarin and Peking varieties arc 
shown in Figure I , The data for Tokyo and Biloxi are very nearly 
the same as those for Mandarin and I\'king and hence ai‘e omitted. 
Naturally, the plantings of late June and early July experienced the 
highest average temperature (75° to 77° F.) for the preflowering 
j^eriod of grow th. Jn considering these temperature data, as shown 
in Figuj-e 1, it is to be remembered that the figures do not refer to 
specific calendar periods indicated in the chart but rather to the 
periods of time elapsing between germination and first flowering in 
the ])articular plantings indicated in each case. 

The yearly fluctuations in time of How ering of plantings germinating 
on any given date are considerable, the extreme range being about 
15 days. Also, the heights of the plants vary widely from year to 
year. IVesnmably length of day is not a significant factor in these 
yearly fluctuations, but irregularities in temperature and other vari- 
able factors might well account for the observed fluctuations. To 
afford ready comparison of the variations in length of the vegetative 
period of the soybeans and differences in the prevailing temperature, 
the detailed data for the Biloxi and Mandarin varieties, together 
with the mean temperatures of the vegetative periods in 1925 and 
1927, are showm in Figure 3. 



Table 1. — DcUes of germination and flowering^ duration of vegetative period, and average heights of the Mandarin variety of soybeans planted 
at ifUervals of three to five days through the open growing season at the Arlington Experiment Farm, Rosslyn, Va.. in the years 1919, 1920, 
and 1922-1927 
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The supply of moisture in the soil available to the plant and the 
relative humidity are additional factors which conceivably might 
affect the initiation of reproductive processes. For obvious reasons 
records of rainfall alone do not furnish a very satisfactory indication 
of available soil moisture, but for the sake of comparison the total 
rainfall was computed from Weather Bureau records during the period 
of vegetative growth of each planting of the Mandarin in 1925, 1926, 
and 1927, and the data are given in Table 5. Corresponding values 
of the computed relative humidity also are included in the table. 
The figures for relative humidity were obtained by averaging the 



Jf'KiURE l.“~Average number of days from germination to first flowering in field plantings at 
Arlington Experiment f’arm, Kosalyii, Va., of early, medium, and late varieties of soybeans 
made at short intervals through the growing season in ,191 9, 1920, and 1922-1927, and m similar 
greenhouse plantings of the latest variety (Biloxi) in the oorresiionding season of 1928, also the 
computed average mean temperature for the vegetative period of each planting of the early 
(Mandarin) and medium (Pekmg) varieties. In all except the earliest variety there is a pro- 
gre.sslve shortening of the vegetative period with advance of season, the inavimum effect oc- . 
eUrring in the latest variety, Biloxi (see te.xt p. 731) 

observations made daily at 8 a. m., noon, and 8 p. m. by the Weather 
Bureau. 

GREENHOUSE PLANTINGS MADE AT INTERVALS THROUGH THE YEAR 

Beginning June 1^8, plantings of Mandarin, Peking, and Biloxi soy- 
beans were made in the greenhouse at intervals of throe to five days. 
The experiment was continued till the middle of August in the follow- 
ing year, a period of about 14 months. An effort was made to main- 
tain an approximately constant mean temperature as far as condi- 
tions would permit, but there was no control of the humidity. Facili- 
ties were not available for automatic control of the temperature, but 
it was possible to secure fairly satisfactory results, particularly during 
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Figube 2.— ‘Number of days from germination to first flowering in greenhouse plantings of early, medium, and late varieties of soybeans made at frequent intervals through 
the year; also the mean weekly temperature m the greenhouse and the seasonal change m length of day. With a favorable, comparatively constant temperature the 
vegetative period of all varieties was about the same during the fall, winter, and early spring, when the days were sliort. Later in the spring the mcreasmg dav 
length showed a marked selective action on the different varieties, and only the early variety continued to flower during the longest days of summer (see text, p. 731 ) 
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the late fall, winter, and early spring, by hand control of heating and 
ventilation. Unfortunately, three of the weekly temperature records 
were lost. In general, the temperature level was close to the mean 
midsummer temperature at Washington. 



Fhh'kk ^.—Number of days from Rerrmnation to first floM'enng In the suocossivo plantings of ih« 
earliest (Mandarin) and the latest (llilovi) varieties of soybeans in l«2f> and 1927, also the csun- 
puted mean temperature during the vegetative period of each planting of the two varieties. 
Karlier flowering in 192fi as compared with 1927 in all plantings, e\cei>t those of the Mamla- 
rin made in midsummer, seems to be definitely correlated with the relatively high tempeia 
lure prevailing in 1925 (see text, p, 730) 

Table 5. — Mean relative humidity and total rainfall during the prvjloivering atage 
of grov^th in succesitive field plantings of Mandarin soybeans at Washington, 
D. C., in l(m, and J927 


Average date of germination 


May 19... 
May 26... 

June 2 

June 9.. 

June 16 

June 23... 
June 30... - 

July 7 

July 14.. 
July 

July 28.. - 
August 4-. 
.August 11- 


Mean relative humidity in-- j Total rainfall in - 


1925 

1926 

1927 

j 1925 1 

1 

1926 i 

1927 

cent 

Per cent 

Per cent 

Inches 

1 Inches 

j Inches 

56 

59 

68 

0.77 

1. 62 

3. 26 

69 

60 

m 

1.22 

1.73 

1 3. 98 

69 

61 

66 

1.61 

1. 38 

3. 98 

59 

64 

65 

1.90 

2. 56 

! 4. 09 

63 

64 

68 

2.61 

2. 41 

2.47 

66 

64 

67 

2.46 

3. 53 

5.10 

64 

66 

70 

1.86 

4. 01 

1.18 

65 

65 

70 

3.36 

2 52 

1.48 

65 

69 

70 

2.92 

2.13 

2.05 

67 

69 

68 

6 42 

1.34 

1.3^ 

67 

76 

71 

3.85 

4. 72 

3. 42 

67 

76 

72 

3. 24 

5.18 

4,18 

66 

79 

73 

2. 52 

8.57 

3. 16 


The results with respect to duration of the vegetative period obtain- 
ed with each variety are shown by means of graphs in Figure 2. The 
jpean weekly temperatures in the greenhouse and the annual range in 
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day length, sunrise to sunset, are likewise shown in the form of graphs. 
To facilitate comparison the results with Biloxi for the period of the 
year corresponding to that of the field plantings are plotted in part 
also in Figure 3. 

In connection with the above tests, plantings of the Biloxi were 
made in boxes in the greenhouse at intervals, beginning May 27, and 
after germination had taken place the boxes were placed out of doors. 
The time required for each planting to reach the flowering stage, as 
compared with the results in the greenhouse, is shown in Figure 2, D. 

PLANTINGS THROUGH THE OPEN GROWING SEASON EXPOSED TO A lO-HOUR DAY 

Beginning April 20, plantings of the Peking and Biloxi varieties 
were made at intervals of three to live days in large boxes in the 
greenhouse. After germination the boxes w ere placed on trucks which 
were daily wheeled out of doors early in the morning and 10 hours 
later returned to ventilated dark houses having temperatures approx- 
imating those prevailing outdoors. In this way the soybeans were 





Figure 4 — 'Numhor of days from iformination to first flowermp in succfs.sivc* plnnlings of the 
Mandarin looking, and RiIom varieties of soybeans which were exposed to approximately out- 
door conditions of temperature and a flxeti day leiiKth of 10 hours The iiiidsinniner teinper- 
atiiro upjiears to be near the optiiiiuin for flowering in all varieties, and the lower temper- 
atures of late S])ring and early fall cause a considerable delay in flowering. There seems to be 
little indication of a selective action of temperature on the early and late varieties 

exposed to a fixed day length of 10 hours but were subjected to essen- 
tially outdoor conditions of temperature. Beginning July 1, similar 
plantings of the Mandarin variety were included in the test. The 
results as to time required for each variety to reach the flowering 
stage are shown graphically in Figure 4, wdiich also shows in each 
instance the computed mean temperature of the vegetative period of 
plants. 

The Weathei- Bureau records indicate that for the most part the 
seasonal w^eather conditions in the year of the test (1928) were fairly 
close to normal, especially with respect to temperature. The mean 
temperature for August, however, was 2 degrees above normal and 
that of September 3 degrees below normal. .Except in Julj^ the rela- 
tive humidity averaged somewhat above normal. The rainfall was 
below normal in June and July but extraordinarily heavy in August 
and above normal in September. On the whole the weather condi- 
tions seem to have been such as to give a very good picture of the 
average seasonal effect of temperature on soybeans when the factor 
of length of day is inoperative. 

12815—30 3 
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DISCUSSION OF RESULTS 

As a basis for interpreting the results obtained in the present series 
of experiments, it may be regarded as established that the Mandarin, 
Peking, Tokyo, and Biloxi varieties of soybeans, which range in 
behavior from very early to very late flowenng types when grown in 
the field in the vicinity of Washington, D, C., all flower in midsummer 
within a period of 20 to 25 days after germination, if exposed to an 
artificially shortened day length. In other words, when exposed to a 
warm summer temperature and a short day, all behave as early varie- 
ties. It has been observed also that when grown in a warm green- 
house in the winter months, when the days are naturally short, these 
varieties show the same behavior. It has been shown in an earlier 
paper, moreover, that the soybean is a warmth-loving type, with the 
result that a cool temperature tends to delay flowering. This fact has 
been further brought out by Eaton ® and by Gilbert.'^ 

In the successive plantings in the field through the season, covering 
a period of eight years (Tables 1, 2, 3, 4, and fig. 1), there are two 
features of the growth relations which are of interest: (1) Variations 
from year to year in growth and in date of flowering of plantings 
germinating on any given date; (2) a general trend toward reduced 
growth in all varieties and shortening of the vegetative period in all 
varieties except the Mandarin as the date of germination is advanced. 
Despite the rather wide variations from year to year, the general 
trends with advance of season are clearly evident in each year of the 
test-. With respect to the yearly fluctuations, the results in the years 
1925 and 1927 (fig. 3) serve to bring out the significance of variation 
in temperature as a causal factor. In the Biloxi the vegetative period 
was longer in 1927 than in 1926 throughout the season. In the Man- 
darin the same difference occurs except in the midsummer plantings. 
In both cases th(?re is obviously a close correlation between the 
differences in mean temperature and the differences in length of the 
preflowering growth period in the two years. Under the conditions 
of the experiment, temperature seems to be the dominant factor in 
the yearly fluctuations in time of flowering. The indications are that 
sustained temperatures below the midsummer average of about 75*^ 
to 77° F. will ordinarily tend to cause a delay in flowering. Moreover, 
it appears that, under the conditions, a decrease of 1° in the mean 
temperature of the vegetative period causes a delay of some two or 
three days in date of flowering. 

A comparison of the computed mean relative humidity and the 
total rainfall during the vegetative period of each of the Mandarin 
plantings in 1925, 1926, and 1927 (Table 5) with the duration of the 
period of vegetative activity (Table 1) fails to show any consistent 
correlation. For example, the longer vegetative period of the 1927 
plantings germinating prior to June 23, as compared with the 1925 
data, is associated with a higher humidity and increased rainfall. 
When the 1926 data are included in the comparison, however, it is 
seen that in all plantings germinating prior to June 23 the dates of 
flowering in 1926 and 1927 agree closely and are considerably later 
than in 1925, whereas the humidity records and in large part the 

• Eaton, F. M. assimilation-esspiration balance Aa belated to length of day reactions of soy* 
BEANS. Hot. Ottz. 77: 311-321, Ulus. 1924, 

' Gilbert, B. E. the response of certain fhotoperiodic plants to differing temperature and 
HUMIDITY. Ann. Bot. [London] 40- 316-320, Ulus. 1926. 
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rainfall data for 1926 agree rather closely with those of 1925 but not 
with those of 1927. Again, during the latter part of the summer 
the relative humidity was much higher in 1926 than in 1925, but there 
was no decided difference in the duration of the vegetative period 
in the soybeans. 

A comparison of the average grow th rates of the soybeans in 1925 
and 1927 shows decided differences except in the earlier germinations 
of the Mandarin and Biloxi (Tables 1-4), and the relative heights 
attained by the plants were much reduced in 1927. On the whole, 
correlation of differences in height of the plants with temperature 
differences is not consistently maintained, indicating that other potent 
factors also are operative. As an illustration, it will be noted that 
the materially lower temperature prevailing in 1927 during the 
growing period of early plantings of the Mandarin and Biloxi (fig. 3) 
failed to retard the growdh as compared with results in 1925. Con- 
sidering the average results for the eight years, it is evident that the 
final heights attained are greatest in the early plantings. 

Obviously, the irregularities, or fluctuations, in duration of the 
vegetative phase of growth at any given period of the year will tend 
to disappear when average results over a j)eriod of years are considered. 
As a consequence, the graphs showing the changes in duration of the 
vegetative phase in the different, varieties with advance of season 
(fig. 1) become relatively smooth, thus presenting verv^ clearly defined 
trends. In this case, in relation to date of flowering, w^e presumably 
have, besides the day-length factor, the effect of a relatively uniform 
seasonal trend in temperature, instead of the more or less sharply 
fluctuating temperature conditions likely to oc(Mir in any single year. 
In all except the very early variety of soybeans the effects of tem- 
perature and length of day on late spring and early summer plantings 
apparently are additive, both the rising temperature and the decreasing 
day length favoring earlier flowering with advance of season. In 
midsummer the average temperature seems to he near the optimum, 
and only the length of day acts as a major limiting factor. As soon 
after midsummer as the average temperature begins to fall the two 
factors of day length and temperature become opposed, the former 
tending to hasten floweiing and the latter to delay it. With the 
very early variety, Mandarin, neither day length nor temperature is 
an important limiting factor in misdummer, while in spring and eaily 
fall temperature is the only primary factor. 

The above-stated considerations relate primarily to the behavior 
of the different varieties, comsidered individually. It is of special 
interest, however, to determine to what extent the sharp contrasts 
in behavior with respect to earliness shown by the different varieties 
are really due to the factors of day length and temperature. Under 
field conditions at Washington those varietal distinctions are always 
clearly apparent despite irregularities in actual time of flowering 
induced by temperature fluctuations. The greenhouse plantings 
through the year furnish a clear picture of the relative effects of 
day length on the duration of the vegetative period of the different 
varieties at different seasons of the year when the obscuring effects 
of varying temperature are largelv removed. (Fig. 2.) During the 
6-month period in which the day length is about 12 hours or less, the 
distinction between the varieties with respect to earliness is almost 
entirely lost, a fact which is in accord with conclusions reached in the 
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earlier work. . However, as has been previously observed, the mini- 
mum duration of the vegetative phase m Biloxi consistently remained 
slightly greater than for Mandarin and Peking. 

Beginning about March 20, the increasing dav length seems to 
have brought about a rather sudden change in the behavior of the 
Biloxi. The duration of the vegetative phase of growth increased 
rapidly till, in the plantings germinating April 4 and shortly there- 
after, individual plants in increasing numbers remained in the vege- 
tative stage throughout the summer and till the return of short days 
in the early fall. After April 17 all individuals in each planting 
remained in the vegetative stage till fall and for a time the successive 
plantings tended to flower on the same date. This behavior of the 
Biloxi with advance of season results in a graph of characteristic 
form. (Fig. 2.) 

A word of caution may not be out of place here relative to the 
interpretation to be placed upon the portion of the graph showing 
the lengthening of the vegetative period in the plantings after Maixh 
20. It is not to be inferred that these plantings attained the flower- 
ing stage in the indicated number of days as a direct result of exposTire 
to the Tong days of late spring and early summer. On the contrary, 
it should be understood that novrering was initiated in these plantings 
only when the excessively long days had shortened to the required 
point in late summer. There is nothing to indicate how long vegeta- 
tive activity would have continued if the longest days of summer 
had remained in effect for a prolonged period. The comparatively 
uniform decrease in duration of the vegetative period in successive 
plantings following the planting that germinated April 12 is due to 
the fact that all the plants began to flower as soon as a fairly definite 
decrease in day length had taken place. Available information 
indicates that this occurred earlv in August. 

Beginning about May 8, after the day length had further increased, 
the Peking practically duplicated the change in behavior shown 
earlier by the Biloxi except that the change in duration of the vegeta- 
tive stage of development was somewhat less abrupt and of less 
magnitude. As in the case of the Biloxi, the distinctive form of this 
portion of the graph (fig. 2) indicates response to a definite decrease 
in day length. In contrast with the Biloxi and the Peking, the 
Mandarin showed no significant change in duration of the vegetative 
stage at any time during the spring and summer. It is clear that the 
annual cycle of day length exercises a distinctly selective action on 
the different varieties of soybeans. Moreover, with respect to earli- 
ness in flowering, the relative positions of the throe varieties under 
comparatively constant conditions of temperature remained the 
same during the period of late spring and summer as in the field 
plantings previously considered. During the remainder of the year 
all behaved as eaxly varieties, as previously stated, the preflowering 
stage of growth being only from 20 to 30 dws. 

A direct comparison of the behavior of the fiiloxi in the greenhouse 
and in the field is made in Figure 3. It is apfjarent that in the later 
plantings the shortening of the vegetative period is less rapid in the 
field than in the greenhouse, and the explanation probably is to be 
found in the higher temperature level in the greenhouse. Further 
evidence of the retarding action of suboptimum temperature on date 
of flowering is furnished by the Biloxi plantings made in the green- 
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house and transferred to outdoor conditions of ten^porature after 
germination. (Fig. 2, D.) 

Jt. remains to consider the effects of change in temperature with 
advance of season when the length of day is held constant. (Fig. 4.) 
The fixed day length of 10 hours which was employed is approximately 
the optimum for flowering in each of the three varieties. As the 
maximum mean temperature of the vegetative stage of growth is 
approached in the midsummer plantings, th(^ duration of the vegeta- 
tive stage attains the minimum value of 18 to 22 days. The generally 
convex form of the temperature curves constitutes a close counterpart 
of the concave form of the curves representing the duration of the 
vegetative period. Evidently there is a definite correlation of tem- 
])erature with the duration of the vegetative stage. There is, however, 
no suggestion of the sort of varietal distinction in behavior with 
advan(‘.e of season that was associated with the annual cycle in length 
of day under conditions of constant temperature. Though the 
evidence is not conclusive, there is some indication that the lower 
temperatures of late spring and early fall exert a somewhat selective, 
retarding action on attainment of the flowering stage as betw^een the 
Mandarin and Biloxi, on the one hand, and the Peking on tlie other 
hand. However, the earliest variety, Mandarin, and the latest 
variety, Biloxi, seemingly respond in much the same way to changes in 
temperature ; and there is no indication of selective action of this factor 
on these tw o varieties of soybeans. 

So far as may be inferred from the foregoing data, differences in 
temperature do not account for the differences in behavior of soybean 
varieties. Seasonal change in length of day exercises a decided selec- 
tive action on the dilferent varieties and may well constitute the 
controlling external factor in the differences in time recpiired by the 
several varieties to attain the flowering stage when growui under 
similar conditions. The annual range in length of day in the latitude 
of Washington, from about 9)*; to 15 hours, is not suflicient to affect 
greatly the time of flowering in the very early variety. Mandarin. 
It is probable, however, that in higher latitudes having a maximum 
day length of, say, 16 hours or more, this variety would tend to 
behave about as the Peking does at Washington; that is, the date of 
flowering would be delayed by the longest days of summer. 

In so far as the relationships existing between the early and late 
forms of soybeans are applicable to the different forms of other 
w armth-loving species which normally flow^er in early and late suinmer 
and early fall, it appears that the length-of-day factor may exercise a 
dominant influence on the relative adaptation of these early and late 
forms to a given latitude. As the sensibility to lower temperature 
increases, the more essential it becomes that the plant be able to 
initiate reproductive processes in response to changes in day length 
occurring comparatively early in the season, if the plant is to reproduce 
itself successfully in any given region outside the Tropics. This 
apparently would tend to enable the plant to escape the destructive 
action of cold. In this connection it may be noted that the progress 
of the seasonal change in length of day keeps well in advance of the 
corresponding stage in the seasonal temperature change. Thus, in 
the latitude of Wasliington the maximum and the minimum day 
lengths of the year occur about a month in advance of the maximum 
and the minimum mean temperatures. It seems logical to suppose 




734 


Journal of Agricultural Research 


Vol. 41, No. 10 


that, in contrast with the interrelationship of temperature and length 
of day as regards effects on warmth-loving species like soybeans, the 
drop in temperature as summer gives way to fall will serve to aid the 
decreasing length of day in hastening the attainment of the repro- 
ductive stage in short-day plants of the cool-loving type. 

SUMMARY 

In this paper consideration is given to the comparative behavior of 
early, medium, and late varieties of soybeans, more particularly with 
respect to duration of the purely vegetative stage of development when 
planted at frequent intervals through the growing season and when 
grown under partially controlled conditions. When planted early 
m the season in the vicinity of Washington, D. O., these varieties, 
known as Mandarin, Peking, Tokyo, and Biloxi, normally require 
about 25, 55, 65, and 95 days, respectively, for attaining the flowering 
stage. All varieties are quite sensitive to cool temperatures. 

Data were obtained on field plantings made at intervals through the 
growing season over a period of eight years. The time of flowering 
of plantings of a given date varied considerably from year to year, 
and these variations seem to be closely cdrrelated with yearly fluctua- 
tions in the prevailing temperature. Definite correlation of fluctua- 
tions in date of flowering with differences in relative humidity and 
rainfall could not be traced, although these factors may not be entirely 
without eflect on the results. Despite the yearly fluctuations, very 
definite trends as to change in duration of the vegetative stage with 
advance of the season can be seen in each variety, all ex(Hq)t the 
Mandarin showing progressive shortening of the vegetative stag(».. 
The mean midsummer temperature at Washington (75® to 77® F.) 
appears to be approximately optimum for all varieties and the subop- 
timum temperatures of spring and late summer tend to delay flowering 
in the very early and very late plantings. 

In plantings of Mandarin, Peking, and Biloxi made in the green- 
house through the year, with a fairly constant mean temperature 
approximating that of midsummer, there was a period of about six 
months in which all three varieties reached the flowering stage in 
about 25 days after germination" and, therefore, behaved as early 
varieties. During this period the length of day ranged approximately 
from to 12 hours and it is evident that the short days showed no 
selective action on the different varieties. Late in March, however, 
when the day length had increased further, the late-flow ering variety, 
Biloxi, suddenly began to lengthen its period of vegetative growth 
until a maximum of 146 days was reached or until there was a return 
to short days in early fail. Beginning about six weeks later in the 
spring, the Peking experienced the same sort of lengthening of the 
period of vegetative growth, although the change was less pronounced. 
The Mandarin showed no decided change in duration of the vegeta- 
tive phase of development. Thus the increasing length of day 
exercised a distinct selective action on the three varieties of soybeans, 
and the contrasts in behavior of these varieties were essentially the 
same as those obtained in the field. In general, in the later plantings, 
the progressive shortening of the vegetative period with advance 
of season was somewhat less pronounce in the field than in the green- 
house, presumably because of the retarding action of the lower 
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temperature out of doors. Moreover, plantings transferred at ger- 
mination from the greenhouse to outdoor temperatures showed a 
delay in flowering. 

In plantings of the three varieties made at intervals through the 
growing season and exposed to a fixed day length of 10 hours, there 
was apparently a rather close correlation of the length of the pre- 
flowering stage of growth with the mean temperature. In each variety 
the minimum vegetative period corresponded to the highest moan 
temperature of midsummer, with a|)preciable delays in time of 
flowering associated with the lower temjicratures of late spring and 
early fall. Apparently the lower temperatures affected the earliest 
variety, Mandarin, and the latest variety, Biloxi, in much the same 
way, there being no evidence of a definite selective action of the chang- 
ing temperature on the two varieties. 

The available evidence seems to indicate that under field conditions 
at Washington valuations from year to year in date of flowering of 
both early and late varieties of soybeans when planted on any particu- 
lar date arc due chiefly to differences in temperature, while length of 
day is the primary external factor responsible for the fact that one 
variety is always relatively early and another late in attaining the 
reproductive stage. It seems likely that the relationships existing 
between the early and late forms of soybeans will apply equally to 
many other species, although it does not follow, of course, that the 
differences in behavior of early and late varieties of all species are 
explainable on the basis of the length-of-day factor. 

The variation in growth rate from year to year in the difl’erent 
varieties, which may be quite marked, seems to be duo in part to 
temperature fluctuations and in ])art to other environmental factms. 
Over a period of years the average heights attained by the earlier 
plantings as a rule markedly e.xceed those attained by later iilantings. 




GERMICIDAL EFFICIENCY OF SOAPS AND OF MIX- 
TURES OF SOAPS WITH SODIUM HYDROXIDE OR 
WITH PHENOLS ' 

By J. M. ScHAFFKH, Chemialy and F. W. Tillky, i^vnior Bacteriologist ^ Biochemic 
Division, Bureau of Animal Industry, United States Department of Agriculture 

INTRODUCTION 

In a previous paper {6y^ tlie writers reported the results of work on 
the ^erniicidal eflicieiiey of coeonut-oil and linseed-oil soaps and of their 
mixtures with eresol. In the present paper they report the results 
of similar work done, for the most part, in connection with investiga- 
tions d('signed for a different purpose, which will account for the 
choic(‘. of t('st organisms and some of the other details of the te(*hni(‘. 

MATERIALS AND METHODS 

The materials used were as follows: 

Cochin coconut oil, saponification value, 254.8 
Caslor oil, saponification value, 179.2. 

Linseed oil, saponification value, 191. 

Oleic acid, U. S. P., neutralization value, 197. 

Laurie acid, C. P., inoltinj^ point, 43° C. 

Phenol, II. S. P., melting ])oint, 40.7° 

(Vos(»l, U. 8. P., boiling point, 195° to 205° C. 

Cresylic acid, boiling point, 200° to 240° C. (80 per cent above 205°). 
N-He\ylr(\sorcinol, Ix/ding jioint, 253° to 250° C. at 120 inm. IJg,, solidification 
point, 64° C. 

()rthoj)hen\ lj)henol, melting ])oint, 57.5° to 58° C. 

Sodium hydroxide, C. P., 96 to 98 per cent NaOH. 

The neutral soaps of coconut oil, castor oil, and linseed oil were 
made ])y saponifying th(‘ respective oils with the re(|uired amount of 
carl)onat.e-freo sodium hydroxide solutions in clost'd flasks on a steam 
hath. The coc.onut-oil and castor-oil soaps wen' then concentrated 
and cooled and the solid soap was flaked and stored in closed con- 
tainers. The linseed-oil soap w^as stored in the liquid form. Sodium 
oleat(» was mad(' by adding to a definite weight of oleic acid the 
chemically equivalent quantity of standard sodium hydroxide solu- 
tion. The mixture was heated in a closed flask overnight, the flask 
was allowed to cool to room temperature, and the solution was 
adjusted to the desired strength by the addition of distilled water. 
Sodium lauratc w^as made by adding to a definite weight of lauric 
acid the chemically equivalent quantity of standard sodium hydroxide 
solution and then adjusting the strcnglh of the solution by adding the 
proper amount of distilled water. 

Alkaline soap solutions w^ere made by adding the desired quantity 
of sodium hydroxide to the neutral soap solution. The term added 
alkali” indicates the presence of sodium hydroxide in excess of that 
required to form nemtral soap. 

Acid soap solutions were made by dissolving the fatty acid in the 
heated stock solution of the neutral soap. The term added acid” 
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indicates the presence of fatty acid in excess of that required to form 
neutral soap. 

The stock solutions of phenol and soap, and of cresol and soap, were 
usually e.oncentrated solutions containing approximately 50 per cent 
of phenol or cresol. 

BACTERIOLOGICAL WORK 

Bacteriological tests were made by the Rideal-Walker technic, 
modified as described in the writers^ previous paper and still further 
modified by the use of other test organisms and by the use of beef- 
infusion broth adjusted to pH 7.2 as the culture medium for all the 
test organisms except Kberthella fyphi^ (B. typhosus) y for which the 
unadjusted culture medium of Wright was employed. Previous expe- 
rience having shown that different strains of the same test organism 
often vary widely in their resistance to disinfectants, tests were made 
against a number of different strains of each organism. To avoid use- 
less repetition, only results which are considered representative arc 
included in the tables. Where results arc given for more than one 
strain, the purpose is to indicate the variation in resistance of different 
strains. Results obtained with some of the soaps against K. typhi 
are shown in Table 1 . 


Table 1. — Germicidal efficiency of phenol and of various soaps against Eherlhello 

typhi 



« Sodium hydroxide in ex(»88 of that required to form the soap. 

Growth, (+), no growth (-). 
c Proportion of added to combined alkali. 


» The bacteriological nomenclature used in this paper is that of the third edition of Sergey's Manual of 
Petenhinative Bacteriology (f). 
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It is evident that strain No. 1 is peculiarly sonsitivQ to the p:erini- 
cidal action of coconut-oil soap. Ordinarily the resistan(*.e of 
Eberthella typhi to coconut-oil soap is equivalent to that exhibited by 
strains No. 2 and No. 5. (Table 1.) In a previous paper (6') when 
only Eberthella typhi No. 1 was used to test tin* efficiency of coconut- 
oil soap, results wctc; obtained which the writers now know to be too 
high for other strains of that organism. The addition of sodium 
hydroxide to coconut-oil soap solutions increases their germicidal 
efficiency and tends to flatten out the differences observed when the 
neutral soap is used. The various strains, including No. 1, differed 
but slightly in resistance to phenol. 

Results obtained with coconut-oil soap against Staph ylococcns 
aureus and various h('molytic. streptococci arc shown in Table 2. 

Table 2 — Germicidal efficiency of phenol and of coconut-oil soap ag a'' mi Staphylo- 
coccus aureus and hemolytic streptococci 


Dismfcctunt 

i 

1 Dilulion 
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alkali “ 

Uosults aft(*i imiieated 
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_.-i 1-10 
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1 

( 'ocoruil-oil soap 

1 1-1,000 


1 ] 4- — —i — 
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; 1-90 



('ofonut-oil soap 

. i-.'KKi 


4. , 4> j 4- ! 4 . ' _ 

- / 


I 


* .L > ' . 



Tost orfi'iiusni 


S uiin'us No J 


>S MllHMIS No. 4. 


Ucniolytu stii'plocw- 
(*iis No J 


cus No. 3. 


• Sortmni hvdioxido )ii oxcoss of tliat nviuired to form the soap. 
** Orowth (+), no sunMh (— ). 

Pioportioii of added fo combined alkali. 


Coconut-oil soap in 20 per cent solution did not kill Staphylococcus 
aureus in 15 minutes, but a 5 per cent solution with the addition of 
100 per cent excess NaOH killed strain No. 1, the most resistant of the 
four strains employed, in Di minutes. 

The results witli five strains of streptococci show great differences 
in resistance to the germicidal action of coconut-oil soap. Somewhat 
similar variations in the resistance of different strains of streptococci 
to sodium ricinoleate have been reported by Kozlowski (5). 

Results obtained with Salmonella pullorum and S. gallinarum 
{Eberthella sanquinaria) are shown in Table 3. 

The results indicate that coconut-oil soap has approximately the 
same germicidal efficiency against these organisms as against Eberthella^ 
typhi. Strain 628 of Salmonella pullorum was no longer available when 
the tests were made with castor-oil soap, but the result shown for strain 
786 was confirmed by results obtained with three other strains. 
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Table 3. — Germicidal efficiency of phenol and of carious soaps against Salmonella 
pullorum and S. gallinarum 


Disinfectant 


Dilu- .Added 
lion i alkali" 


! Kesiilts after indicated 
I iierlod of expiosure (min- 
Organicmatter | ** 


I’est organism 
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S.i)ulloruin No 
‘ 628 . 


S.pnlloriitn No. 
786 . 


S. gallinarum. 


"Sodium hydroxide in excess of that required to form the soap. 

♦'(Irowth (d ), no growth (— ) 

Proiiortion of H(l<le<l to (jonibiued alktdi. 

^ 1 gm. dry chicken feces to f) c. c. of disinfectant. 

In Table 4 are shown the results of tests against VaHtenrella aricUIa 
and P. su'lisrpticay indicating that coconut-oil soap has a very high germi- 
cidal efficiency against these* organisms in the absence of organic matter. 


Table 4. — Germicidal efficiency of phenol and of various soaps against Pasleurella 

avid da and P. suise plica 


Disinfectant 
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» Sodium hydroxide in excess of that required to form the soap. ^ Growth (-P), no growth (— ). 
« Proportion of added to combined alkali. 
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The addition of excess sodium hydroxide diminished the efficiency 
of coconut-oil soap. A decnuise in efficiency was caused by as little 
as 10 per cent excevss sodium hydroxide. Organic matter in the form 
of skim milk also reduced the efficiency of the soap, but this decrease 
was less when excess NaOH was used. Strain No. 1 is exceptional 
in its resistance. The limits of variation in resistance of the other 
seven strains are indicated by the results shown for strains 1176 and 
980. It will be seen that when tested against strain No. 1, castor-oil 
soa]) had about one-half the germicidal efficiency of coconut-oil soap. 

The results shown in Table 5 indicate that the addition of excess 
lauric acid to sodium laurate increases its germicidal efficiency 
against Fastearella aviclda and a hemolytic streptococcus while excess 
alkali decreases efficieiKy. As sodium laurate is the principal con- 
stituent of coconut-oil soap these results should be considered in con- 
nection with the results shown in Table 4. 


Tablk 5. — Germicidal ejficiency of neulraly ncid^ and alkaline sodium lauraic against 
Paste uridla aciclda and hemolytic streptococcus 


S(Kiium 

liiurato 


AihJfd acid oi alkali « 


Pi r cent * 

Ml.lKK) ... 

1-7, (XK) 

1 10,(KK» 

1 1,(MN) j 

1-1,250 ,b\lkall, KKl . . 
l-l.aOO 1 

1 S.CMK) ' 

1 9,(KK) ; _ 

I 12,(X)0 -- 

I-J2, 0(X) I * 9(4 

1-14, (XK) i - - 

>10, (XX) 1. . . ... 

M2,0(X) “ - 

1-2, (XX) ' 

1-2,400 I 

1-1, (KX) Alkali, UK) 

]- 1 : 


Jivsults aftci iiidicaliMl 
pi‘ri(ai of exposure 
(nimulos) *> 


•». 10 !12>i 15 ' 




Test olf^a^l‘^m 


+ 

-f 

(; 

li 

4- , 
4 
f 4 
4 
4 

-4- 

■ I 

H ' 
+ 

4 ' 
4 


4 

-4 

4- 

4- 

j- 

+ 

i 

4 

4 , 

4 


1 , 
1 ; 
I 

^ i 

4 1 
4 • 

+ I 

4! 

4 

4 


I 

4 ! 4 . 

iii' 

4'4l 

4,41 
f ; 4 ' 

d i i 


4 M -I 1 4 


P a\ leida \o. 3. 


P. a\ K"da No. 030 


Ileiiiolytie slreploeotcus No. <1 


" lauuK' Held or sodium hydroxide in exeess of lhal rncpiued to foim sodium luunile 
'' (howth (4), no growth (~) 
f Proportion of ud<le<l to eombim'd acid or alkali. 


The effect of the addition of soap on the germicidal efficiency of 
phenol is indicated by the results shown in Table 6. 

As previous work had indicated probable maximum efficiency with 
2 parts of phenol to 1 part of soap, this proportion was used. It will 
be noted that with Eberthella typhi and Salmonella pullorvm the 
test organisms the addition of coconut-oil soap or castor-oil soap 
multiplied the efficiency of phenol from two to three times while 
linseed-oil soap increased the efficiency only about 50 per cent. With 
Staphylococcus aureus as the test organism the increase in efficiency 
was about 50 per ceiwfe with each of the three soaps. With E. typhi 
as the test organism sodium oleate did not increase the germicidal 
efficiency of phenol but on the other hand did not decrease it. 



742 


Journal of Agricultural Research voi. 41, no. 10 


Table 6 . — Germicidal efficiency of mixtures containing phenol and various soaps 


dilution I 


1-70 ' 
l-UK) 

1 -120 , 


M20 
1-140 I 
1 00 1 


1 240 
i-:i20 
I -05 
1-3(X) 
1-400 
1-240 , 
1 320 ! 
1-160 j 
1-240 
I 3(K) I 
1-400 
1-240 
1-320 ! 
1 KM) I 
i-lAO I 
1 00 I 
1-05 i 
1 H5 j 
1-90 . 

1-120 I 
1-160 
1 2(X) 




! Results after indicated 1 




period of exposure, | 

Soap « 

Organic matter 


(minutes) 

b 

i 



2M 

5 

7H 

10 


15 


Per cent 

-1- 






jcoconut-oil. - . 


/+ 

4- 

- 


- 

- 



1 + 

4- 

4- 

4- 

4- 

4- 

>Linsoed-oil 


h 

4- 


— 

— 

— 

1 


1+ 

4 

4- 


4- 

4“ 

ICastor-oil _ 



4- 

— 

— 

— 

— 

/ 


\+ 

4- 

4- 

4* 

— 




4- 

-4 






Jcoconut-oil 


/4 

14 

4- 

4- 

4 

4- 


jr'HStor-oil 


r+ 

\4 

4- 

4- 



_ 



4 

4- 


— 

— 




! 

f+ 

4 

— 

— 

— 

— 

(^)(*onut-oiL. 


h 

4 

4- 

-1- 

4 

- 1 


ii+ 

+ 

4- 

4- 

+ 

if 

liinS(HHl-OlI . . . 

. 

11: 

4 

4- 

+ 

4- 

+ 

4- 

+ \. 



(4 

— 




_ 1 

(’a.stoi-oil ' 

1 



h 

4- 

f 

4- 

4- 


— |. 

1 


U 

4 

4- 

+ j 

4 

+ i’ 

Sodium oloiilc- - - J 

1 

i 

{X 

4- 

4- 

4- 

4- 

4- 

4- 1 

1 

None .. - 1 

Skim millc, 25.1 

it 

+ 

4 

4 

- 

- 

r il 

1 

Skim milk, 50. 

ft 

ft 

4- 

4- 

4- 

I 

I 

~ 1 

(^astoi-oil ' 

Skirn milk, ,50. 

4 




__ 1 

j' 

l4- 

H- 

4 


1 

-r 


Test organism 


Staphylococcus aureus No. 200 

Salmonella pullorum No. 6S5. 

Ehorthelhi typhi No. 1. 

K. lyphi No 2. 

?i. typtn No 1. 

K. typhi No 2. 

K. t.vphi No I, 


» ('oncentnitioii of soap is half that of phenol. 


(Irowth (4"), no growth (— ). 


In view of the*, work of Frobisher showing that sodium oleatci 
decreased the gernlicidal efficiency of phenol, further experiments 
were made, the results of which are shown in Tables 7. 


Table 7 . — Germicidal efficiency of mixtures of phenol with sodium oleate against 

EherlheUa typhi 


KXeKHIMENT 1 « 



, 

Results 

after indicated 1 



period of (‘xposure 

Dilution 

Sodium oleate dilution 

(minutes) ** 





2h 

5 

7h \ 10 

12*^2 

15 

l-KK) 


+ 

4- 

4- i 




1-60 

i-3()I-”_ * *^1"' ’I'l’.-I”'”-’"' 

~ 

— 

_ — 

— 

— 

1-80 

1-40 

+ 

— 

— j 

— 

— 

1-100 

1-50 .... 

4- 

4- 

— 1 — 

— 

— 

1-60 

1-15 

4- 


— ' 

— 

— - 

1-80 

l-20._- 

4- 

+ 

4- j “ 

— 


1-100 

1-25 

•4 

4- 

4" j 4- 

4" 



EXPERIMENT 2 < 


Test oigauism 


E. typhi No. 1. 




5 

10 

15 

20 

80 

— 


1-90 


4- 




__ 



l-lOO 


+ 

4- 

4- 

— 

— 



1-110 

. . 

4- 

4- 

4- 

+ 

+ 




1-100 

] 


— 




[ 

E. typhi No. 2. 

1-110 ; 
1-120 

c c. 1 per cent solution in each tube 

J4- 
) + 

4- 

4- 

+ 

— 





1-130 j 


H- 

4- 

4- 1 

4 

““ 




« Medication temiierature 25^* C., 0.5 c. c. culture to 5 c. c. disinfectant. 

«> Growth (4-). no growth (— ), 

0 Medication temperature 20° C., 0.1 c. c, culture to 5 c. c. disinfectant, 
4 0J5 c. c. additional water in each tube. 
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In experiment 1 the writers' usual technic was employed, while in 
experiment 2 an attempt was made to approximate the technic 
described by Frobisher. The amount of culture was 0.1 to 5 c. c. of 
disinfectant, the medication temperature 20° C., and the test or- 
ganism the Hopkins strain of Eherthella typlii. It should be noted 
that in experiment 1 sodium oleate was used in the proportions of 
twice and four times the amount of phenol. 

The results presented in Table 8 indicate that the addition of 
soaps to higher members of the phenol series increases their germicidal 
efiiciency. In the prescn(*>e of organic matter (Tables 6 and 8) the 
effect of soaps upon the germicidal efficiency of phenols is greatly 
diminished. 

Table 8. — Germicidal efficiency of mixtures of soaps iviih higher phenols against 

various organisms 


Di.sinfoctant 


I’hriiols 


OosoL. 


I Dilu- 
I tion of 
.phonoKv 


.Soap « 


Lins(‘Ofl-oil - 
('’nstor-oil..- 
('ocomit-oil. 


Linsood-oil 
Ctvsior-oil 
(’’ocou llt-Oll 




Liiisood-oil 
C'astoi-oil - 
C’ofonut-oil 

None 


Lluseed-oil-. 




Cresylie arid 


LinseiHl-oil 
Coconut -oil. . . 

Lin seed-oil ... 

Coconut-oil. . J 


1-240 
1-2S0 
/ 1-320 
\ 1 4(K) 
./ 1 0(K) 
1 l-7(X) 
r 1-700 
it l -H(K) 

' 1 180 
I 1 2tK) 
1-240 
,1 1-280 
I 1-3(X' 
1-350 
1-300 
1-350 
1-280 
1-300 
1 4(X) 
1-480 
1-700 
1 X(XJ 
1 7(M1 
1-800 
1-220 
1-240 
1-200 
1-220 
1-240 
1-260 
1-240 
1-280 
1-320 
1-240 
1-280 
1-320 
1-600 
1-700 
1-600 
1-700 
1-1100 
1-1200 
1-400 
1-480 
1-400 
1-480 
1-400 
1-480 
1-480 
1-S60 
1-640 


Oiganu* matt Cl 


J*tT cent 



Skim milk, 50. 


Skim milk, 25. j 

!i 

I jSkim milk, 50. 
jlskim milk, 25, 


Serum, 50. 
Scrum, 25., 
iserum, 60. 


Serura, 26... . 


Itcsnlts after indicaL'rl 
pciiod of expohurr 
(minutes) '* 


.1 

7)2 

10 

12* 2 

15 

+ 

4 

+ 

_ 


+ 

+ 

_ 

_ 

_ 



— 

— - 

-- 

-i" 

+ 


— 

- 

H- 

4- 

- 

- 



+ 

•f 


4 

+ 

-f- 

+ 

— 

— 

+ 


-H 

— 

— 

-f 

-f 


+ 

4 


-1- 

— 

— - 

— 

-f 

-f 

4 

- 


+ 



- 

- 

+ 


+ 


- 

+ 1 + 

-f 

-H 

+ 



~ 

1 — 

__ 

+ 

+ 

+ 


4- 

+ 


+ 

- 

— 1 

T 

+ 

+ 

"i" 

-f 

1 




+ 


+ 

_ 

— 

— 


4- 

-f 

— • 

— 

1 - 

4- 

+ 

■ H- 

— 


+ 

+ 

+ 

+ 

! + 

+ 

+■ 

+ 

— 


1 

4" 

4- 

, + 


j 

+ 

+ 

— 

1 

+ 

4- 

' + : 


! + 

4- 

4* 

— 


1 — 

+ 

+ 

: + 

+ 


~r 

+ 

4- 

!± 

+ 

1 + 

+ 

+ 


... 

! _ 

+ 


1 + 

+ 

+ 


'Pest 


Salmonella j)ull(>r- 
uni No 685. 


SI aphyJoeoceus 
aureus No 200. 


Ebert holla t\phi 
No. 1. 


“ Concentration of soap half that of phenols. 
* Growth (+), no growth (— ). 
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The results of similar experiments with hexylresorcinol are shown 
in Table 9. 

Table 9. — Germicidal efficiency of mixtures of hexylrcsorcinol iviih various soaps 

EXPERIMENT 1 





! Kosults 

after indicated 1 



Ratio, 

Uexyl- 

n'soreinol 

dilution 

j)oriod of exposure 


Soup 

soap to 
hcxyl- 
resoreinol 

(] 

tnim 

lies) 

O 

1 


Test orKaiii.sin 





ft 

7H 

10 


15 




1 1-10, (XX) 1 

; „ 

_ 



_ 



None - . . 


\ 1-12, (XX) 

1 + 

4- 

— 

— 

— 

— 




1 1-14, (XX) 

: + 

•4 

4 

4 

— 

— 




1-14, (XK) 

' -f 

— 

— 

— 

_ 

— 



1:2 

\ l-lfi,(XK) 1 

+ I 

4- 

4 

4 

— 

■ — 




1 1-18,000 ; 

+ 

4 

4 

t- 

1 4 

4 


(’aslor-oil 

1.1 

/ 1-12,000 1 

+ 1 



— 

1 — 

— 



t 1-10, (XX) 1 


4 

1 

4 

4 

— 



2:1 

/ 1-12, (XX) 1 

+ 1 - 

— 



_ 

»Kboi‘tlii'llu typhi No 1. 


1 1-10,000 ! 

4- 


4 

4 

- I 

- 


’ 

1-14, OCX) i 

f ! 
4- ! 



— I 


— 



1.2 

{ 1-10, (XX) 1 

! + 

4 

+ : 

- i 

— 




1 1-18,(XK) 1 

+ 

1 4 

4 

4 ' 

4 1 

f 


Ooconut-oil 

1 1 

/ 1 12, (XX) I 

p 


— 


- 




1 • 1 

1 MH.fXX) ; 


4 

4 

i — 1 


— 



0* J 

/ 1-12, (XX) ' 

4* 1 

4 


— , 

i 

— 



1 

\ 1-10,000 ! -h ! 

1 1 

4 

T 

4 ^ 

4 

4 



EXPERIMENT 2 



It should be noted that the stock solution of hexylresorcinol used 
in experiment 2 differed from that used in experiment 1, and com- 
parisons, therefore, should be made only between mixtures prepared 
from the same stock solution. Castor-oil soap and coconut-oil soap 



Nov. 15, 1930 Germicidal Efficiency of Soaps with Sodium Hydroxide 745 


used in proportions of 1 part of soap to 2 parts of hexylresoreinol and 
2 parts of soa]) to 1 of hexylrosorcinol increased the germicidal effi- 
ciency of hexylresorcinol. Used in the same proportions sodium 
oleate did not have this effect. On the contrary, when larger pro- 
portions of sodium oleate were used the efficiency decreased. The 
marked difference in the resistance of strains No. 1 and No. 2 of 
Kberthella typhi to hexyl rosonunol has been reported by the writers 
in a previous paper (5). 

In Table 10 are shown the results obtained with a number of 
('xperimental ‘^germicidal soaps which were made by adding various 
phenolic compounds to coconut-oil soap. No. 1 contained 25 per 
cent of cresol with 50 per cent of soap; No. 2 contaiiKHl 25 per (‘ent 
of “cresylic acid’^ with 50 per cent of soap; No. 3 contained 37.5 
per cent of cresol with 37.5 per cent of soap; No. 4 contained 37.5 
per cent of “cresylie acid with 37.5 percent of soap; No. 5 contained 
0 per cent of orthophenylphenol with 24 per cent of soap; and No. 0 
contained 9 per cent of orthophenylphenol with 18 per cent of soa]). 
Nos. 1 and 2 were solid, Nos. 3 and 4 were soft pastes, and Nos. 5 and 0 
were liquid. vSoaps numbered 1, 2, 3, and 4 had a distinct phenolic 
odor while Nos. 5 and 0 were odorless. 

Tarle 10. — Efficiency of experimental germicidal soaps 


DiMTlfoCtUIlt 


('n'sol... . . . j 

Souj) No. l ' ' " I 

Sn.ip No 2 I 

1 1 

Soap No 3 || 

Soaj) No 4.. I 

Soap No. 5 ■ 

Soap No 6 

Orthophonylpheiiol^- ■ 


Dilution I 


1 175 
1 2(K) 
1-12 5 
1-1(1 7 
1 25 
1 12 5 
I Pi 7 
1-25 
1-50 
1 KM) 

1 50 
1-100 
l-KK) 
1-100 
1-0 
1 -12 
1-0 
M2 
1- IS 
I 30 
1-18 
1-30 
1-4, (MM) 
1-0,000 
1-8. 0(MJ 
1-800 
1 - 1,200 


Or^tamc* 
mat tor 


Per cent 


Kosults aflor indionlod 
poriod of oxposine 
(minutos) « 


12’s 15 


oiganism 


I 


milk, 50 
Jskim milk, 50-| 
|sorum, .50 

i Skim milk, 50. 

Scrum, ,50 

Ijskim milk, 60. 


I + 

I 

' -i- 
: + 
+ 
, + 

!l 

I + 
I 4- 
!H- 


ijskim milk, 50. 


(T 


+ ' - 
i + 


+ 

4 


+ ! + 


+ ! + !+• 


+ ! 4 


4- 4- 


+ i 4 


4 ; - 


4 4 


Slaphylocoocus aureus No. 
209. 


Kberthella typhi No. 1. 


« (Irowth (4), no growth (— ). 

^ Dissiolved in 8 parts of coconut-oil soap, dilution o\pre.ssed in terms of orthophenylphenol. 


The orthophenylphenol used in making soaps Nos. 5 and 6 was a 
high-grade commercial product. A later sample had a very distinct 
odor due to impuritias present, and it would seem that only the 
higher grade is suitable for the production of an odorless germicidal 
soap. Results with Eherthella typhi in the absence of organic matter 
12815~~30 1 
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are included in the table in order to indicate the relative value of 
orthophenylphenol as compared with other disinfectants under the 
usual conditions of the phenol coefficient test. In view of results 
already obtained it would seem that the odorleSvS germicidal soap 
containing orthophenylphenol should prove useful. 

DISCUSSION 

So far as neutral soaps are concerned, the results presented in this 
paper confirm and add to those reported by Walker (7). They 
indicate that coconut-oil soap is the only common soap with sig- 
nificant germi(*ida1 activity at room temperature. Against most of 
the organisms used in this work the germicidal activity of neutral 
coconut-oil soap was comparatively low even in the absence of 
organic matter. Against Pasteurella amcida^ P, suiseptica, and some 
strains of hemolytic streptococci it manifested very high germicidal 
activity in the absence of organic matter but comparatively low 
activity in the presence of organic matter in the form of skim milk. 
It would seem, therefore, that neutral coconut-oil soap is not suitabh' 
for the purpose of general disinfection. 

In the presence of organic matter coconut-oil soaps containing 
excess alkali were more active and more uniform in their action than 
the neutral soaps against the various bacteria tested. 

No entirely satisfactory explanation of the germicidal activity of 
soaps has been worked out as yet. Various writers have attributed 
it to alkali set free by hydrolysis or to free alkali and unchanged 
soap combined. Results presented in this paper suggest that while 
some such explanation may be true for some of the test organisms 
used in this work, it is not true for all. For bacteria of the Pasteur- 
ella group the writers’ results indicate that the fatty acid plays an 
important part. According to McBain {4) fatty acid set free by 
hydrolysis combines with the soap to form acid soap, so it would 
appear to be the acid soap rather than the free fatty acid which has 
such high germicidal activity against bacteria of the Pasteurella 
group. 

Just as there is no satisfactory explanation for the germicidal 
activity of soaps so also there is no satisfactory explanation of their 
action in enhancing the gennicidal activity of phenols. (Considered 
from the practical point of view, however, it is plain enough that if 
a soap is to be used with a phenol it is important to use the right soap 
and the correct proportion. Results presented in this paper indi- 
cate that coconut-oil soap and castor-oil soap are suitable for such 
use in the proportion of 1 part of soap to 2 parts of phenol. 

SUMMARY 

Bacteriological tests were made with coconut-oil soap, linseed-oil 
soap, and castor-oil soap, and mixtures of these with sodium hydroxide 
or with phenols, agamst Eberthella typhij Staphylococcus aurem, 
heniolytic streptococci, Salmonella pullorum, Pasteurella aviciday P. 
suisepticaj and Salmonella gallinamm. Some tests were also made 
with sodium laurate and sodium oleate. 

Neutral coconut-oil soap in a concentration of 10 per cent was effec- 
tive against all the test organisms except ^aphylococcus aureus, A 
20 per cent solution failed to kill S, aureus in one hour^ while on the 
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other hand Pasteurella aricidu, I*, sviseptlca^ and some strains of 
hemolytic streptococci were killed by concentrations Varying: from 
1-1,000 to 1-6,000 within 15 minutes in the absence of org:ani(j 
matter. In the presence of 50 per cent skim milk a concentration 
of 1-100 was re(juire(l. Against P. avicula neutral linseed -oil soap 
was effective in 5 per (*ent (‘oncentration, while neutral castor-oil soap 
was effective in a concentration of 1-1,250, in both instances without 
organic matter. These two soaps were not tested against P. suisep- 
tica but against the other test organisms they were not effective in 10 
per cent concentration with 15 minutes exposure. 

The addition of sodium hydroxide to solutions of neutral coconut- 
oil soap made these solutions more effective against all of the test 
organisms except Pasteurella amclda, P. suiseptica. and some strains 
of hemolytic streptococci, in which cases effudency was diminished. 
The presence of excess alkali decreased the efficiency of sodium 
laurate against P. ancida, while ex(‘ess lauric acid increased it. 

Coconut-oil soap, castor-oil soap, or linseed-oil soa[) when mixed 
with various phenolic compounds in the proportion of 1 ()art of soap to 
2 parts of jihenol considerably increased the germi(‘idal efficiency of 
the phenols in the absence of organic matter. In the presence of 
milk or blood serum su(‘h increases were comiiaratively small. 

Germicidal soaps mad(‘ by adding cresol, commercial cresylic acid, 
or orthophenylphenol to coconut-oil soap were found to be efficient 
against Staphylococcus aureus , even in the presence of milk or blood 
serum. The soap containing high-grade orthophenylphenol was 
odorless. 
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VITAMINS IN SUGARCANE JUICE AND IN SOME CANE- 
JUICE PRODUCTS * 


By E. M Nelson, Senior Vheminl, and D. Breese Jones, Principal Chemist in 

Charge, Protein and Nutrition Divinoriy Bureau of Chemistry and Soils, United 

Slates Department of Agriculture ^ 

INTRODUCTION 

In addition to the coinnionly accepted food value of sugarcane 
siruj) and molasses as carbohydrates and their place in sii])plying 
(diaracteristic flavors and variety in the diet, it was formerly believed 
in certain sections where cane sugar was manufactured that the 
juice of the cane was particularly healthful and even had some 
remedial properties. In the early days of the sugar industry in this 
country the sugar mill was regarded as a very healthful ])lace to 
work. The evaporation of the cane juice was carried out in large 
open (uiuldrons or kettles, and the steam and vapors escaped into the 
building. The breathing of tliese vapors was considered beneficial. 
Large quantities of the cane juice were drunk, and other products 
of the sugar factory were included in the diet. Whether the reported 
beneficial results were real or fancied, however, they contribute an 
added interest to the study of the vitamin content of sugarcane 
juice.^ 

As far as the authors are aware but little work has been done on the 
vitamin content of fresh sugarcane juice. Dclf ‘ found that sugar- 
cane juice had no antiscorbutic value. 

In tliis paper mv i)resented the results of some experiments carried 
out to d('Jermine th(^ vitamin B ^ and vitamin D potency of the juice 
of sugarcane. Some preliminary tests were also made for vitamin A. 
The jui(*e used was obtained from three lots of sugarcane stalks 
shij)j)ed at widely dilferent times and from different sections of the 
country. 

In addition to estimating the vitamins in the juice obtained by 
crushing wdiolc cane stalks in a laboratory-size sugarcane mill, a 
comparison was made of the vitamin B value of the juice thus 
(‘xpressed with that obtained by subjecting the bagasse from the 
small mill to the much higher pressure of a hydraulic press. Com- 
parison was also made of the vitamin B potency of juice obtained 
from different parts of the same cane stalks. For this purpose juice 


1 Received for publication July Ifi, 1930, issued November, 1930 This paper was presented in pari 
before the American Chemical Society at the seventy-eiKhth meeting held in Minneapolis, Minn., Sei)t. 
9 to 13, 1920. 

The authors wish to ackno^\ ledge their indebtedness to H. S. rain© and H. T. Ualch, of the (Carbo- 
hydrate Division of this bureau, for the analyses of the samples of the cane juice used in this investigation 
and for supplying the samples of the cane-juice products studied, also to J. F. Brewster for having some 
of the sugarcane collected and shipped, and to J. ?. Divine for technical assistance in carrying out the 
experimental work. 

^ The writers are indebted for the above inforindtion to V. A. Browne, at whose suggestion the w'ork 
descrilied in this pajier was undertaken. 

* DKI.F, E. M. studies in experimental 8CUEVY, WITH SPECIAL REFERENCE TO THE ANTISCORBUTIC 
PROPERTIES OF SOME SOUTH AFRICAN FOODSTUKF.S. LailCet 202 570 578. 1922, 

A Inasmuch as some of the data presented in this paper wwe obtained before tlie multiple nature of the 
water-soluble vitamin B fraction was recognized, the term vitamin B” has been used in the old sense to 
refer to the vitamin B complex. 
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obtained from the upper third and lower third portions of the cane 
was used, f^everal products manufactured from sugarcane juice 
were also examined. These included cane sirup, different samples of 
blackstrap molasses, and cane cream. 

EXPERIMENTAL DATA 

VIT.A.MIN B IN SUGARCANE JUICE 

Tli(' juice used for thes(^ experiments was obtained from sugarcane 
of the 1926 (*rop, shipped in cold storage from Morida. As soon as 
possible after arrival the canes were crushed in a laboratory-size 
sugarcane mill, and the juice obtained was filtered through two 
thicknesses of cheesecloth. The fairly clear juice was then distrib- 
uted into a large number of small wide-mouth bottles and placed 
in cold storage at a temperature below freezing. The frozen juice 
was taken out of t>ne bottle at a time as needea and was allowed to 
liquefy at room temperature. The quantities required daily foi* the 
feeding experiments were measured out by means of a pipette. 

A sample of the freshly expressed niice was analyzed in the car- 
bohydrate division of this bureau. The results are as follows: 

Brix, corrected to 20° C degrees.- 14. 64 

Direct polarization, 20° C do 9. 73 

True sucrose (invertase method) per cent... 9. 45 

Solids (by drying) do. .. 13. 17 

Invert sugar (Meissi and Hiller method) do 4. 13 

Apparent purity, 9.73X100-J- 14.64 do..!. 66.46 

True purity, 9.45X100-^-13.17 .do 71.76 

The juice was tested for vitamin B by both the curative and the 
prophylactic imdhods. In the curative tests young albino rats 
were fed a vitamin B free ration consisting of casein, 20 parts; Osboren 
and MendePs Salt Mixture IV, 5 parts; butterfat, 15 parts; and 
cornstarch, 60 i)art«. When evidence of vitamin B deficiency was 
manifested the cane juice was fed at definite levels daily apart from 
the basal ration. The rats were kept in individual cages having 
raised screen bottoms. The prophylactic tests were similai'ly 
conducted except that the cane juice was fed from the start. The 
results are shown graphically in Figure 1. Lot 1 consisted of two 
rats used for controls. Each curte of the other four lots represents 
the average weight of four rats fed the quantities of juice indicated 
on the chart. The rats of lots 2 and 3 were given the juice from the 
beginning of the experiment. In the curative tests with rats of lots 
4 and 5, the period during which the juice was fed is indicated in each 
curve by the broken line. 

On account of the difficulty of getting the animals of lot 2 to take 
as much as 20 c. c. of juice daily, the juice was concentrated to one- 
fourth of its original volume by evaporation at low temperature 
under diminished pressure. Of this product 5 c. c. was fed daily. 
From the results ^hown it appears that 15 c. c. of the cane juice fed 
daily fell short of supplying enough vitamin B to maintain weight, 
but that 20 c. c. was sufficient to promote growth at a fair rate for 
at least 60 days. Some of the rats of each lot did not always take 
all the juice given them, but it is believed that this did not signifi^ 
cantly affect the final average results. 
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A previous shipment of cane of the 1924 crop had been received 
from Lt)uisiana. This cane was superior in size, appearance, and 
in content of juice to that obtained from Florida. On account of 
unavoidable circumstances it was not possible to study the vitamins 
in the juice of tlus cane to the extent that had been planned. However, 
the curve in Figure 2, which represents the average weight of four 
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Figure 1. — Growili of rots when fed prophylactic and curative doses of cane juice ns sources of 
vitamin B as compared w ith that of rats fed yeast 


rats, shows that the juice from this lot of cane contained more vitamin 
B than did that of the cane obtained from Florida. Ten cubic 
centimeters daily of the juice was sufficient to enable the rats to 
resume growth with an average gain in weight of 15 gm. in 35 days, 
as indicated by the'^broken line in the curve. The composition of the 
basal diet was as follows: Meat residue, 18 gm.; Salts IV, 5 gm.; 
butterfat, 15 gm.; cornstarch, 62 gm.; making a total of 100 gm. 
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VITAMIN D IN SUGARCANE JUICE 

Tests for vitamin D were made on the juice from the 1926 Florida 
sugarcane (previously referred to) by means of the ‘‘line test^\*^ 
One lot of four I’ats was brought to a rachitic condition by feeding 
them for 25 days Steenbock's rachitic ration No. 2965, consisting of 
yellow corn, 76 parts; wheat gluten, 20 parts, calcium carbonate, 3 
parts; and sodium chloride, 1 part. The animals were then given 
daily 10 (5. c. of the cane juice for 15 days. At the end of the period 
the degree of calcification induced in the radii of the rachitic animals 
was observed. A tra(*.e of calcification of the rachitic metaphyses 
was noted in the case of one rat. The others gave negative results. 

VITAMIN A IN SUGARCANE JUICE 

Pidiminary tests for vitamin A indicated the presence of but 
little of this vitamin. Consequently, these studies were not con- 
tinued further. 

VITAMIN B IN SUGARCANE JUICE EXPRESSED AT DIFFERENT PRESSURES 

The juice used in the following experiments was obtained from 
sugarcane of the 1927 crop sent from Franklin, La. Before shipment 

the ends of the stalks 
were paraffined par- 
tially to protect them 
f r o m deterioration. 
The shipment in- 
cluded 100 pounds 
each of stalks repre- 
senting the u p p e r 
third and lower third 
portions of the (‘ane 
and 200 pounds of 
whole cane stalks. 

J^reliminary to the 
feeding experimen ts 
described later it was 
desired to ascertain 
the behavior of the experimental rats on the basal ration used when 
different levels of yeast furnished vitamin B. The results obtained 
may also serve as a basis of reference by which the responses of 
the animals to the sugarcane products tested in the experiments 
hereafter described can be compared. The vitamin B free basal 
ration consisted of casein, 18 parts; Osborne and Mendel's Salt Mix- 
ture IV, 4 parts; agar, 2 parts; cod-liver oil, 2 parts; and dextrin, 74 
parts. 

Figure 3 shows the growth lysponse of the animals to different 
levels of yeast fed as a source of vitamin B. Each curve represents the 
average weight of four male rats. Although 0.4 gm. of yeast per day 
permitted growth at a rapid rate, an increased amount of yeast pro- 
duced better growth. The quantity fed daily is indicated on the chart. 
On the basal diet used control rats receivmg no vitamin B usually 
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Figukk 2. — Growth of rats w'hen fed Louisianacauo juice of the 1924 
crop as a source of vitamin B 


* MCCOX.LUM, K.V.,»Simmonds,N., Shiplky, P. 0.,and Pabk, E. A. studik.** on experimental kick kts. 

A DRLTCATE HIOLOGICAL TEST POH CALCIUM-OEPUSITINU SUR.STANCE8, Jour. Biol. Chem. 51: 41-49, jllUT. 




Nov 15, 1930 


Vitamins in Sugarcane Juice 


753 


cease to gain in weight about the tenth day, and almost invariahly 
lose weight rapidly after the fifteenth day. " 

Ten kilograms of the whole (‘ane stalks wTrepntthrongh a laboratory- 
size sugarcane mill. The bagasse (5,150 gm.) was cut rather fine in a 
feed cutter, and jiressed in a large Bushnell press, without use of 
maceration water, until all the juice that could lie expressed w^as 
removed. The resid- 
ual bagasse was then 
further pressed in a 
hydraulic press u]) to 
a pressure of 2,400 
pounds j)er square 
incJi. A total extrac- 
tion of 70.0 per cent 
was obtained, of which 
4.8 per c*ent was re- 
moved by the hydrau- 
lic press. As it was 
desired to com])are 
only the juice ex- 
pressed in the roller 
mill with that ob- 
tained from tlie hy- 
draulic press, the in- 
termediate fraction 
removed by the 
Bushnell ])ress was 
discarded. The two 
fractions of the juice 
were filtered through 
two thicknesses o f 
cheesecloth, and con- 
centrated by e V a p - 
oration under reduced 
pressure to one-fourth 
of the original volume. 

The concentrated 
product was stored 
at low temperature. 

The results of anal- 
yses of the high and 
low pressure juices arc 
presented in Table 1. 

As shown in Figure 
4, the vitamin B con- 
tent of the juice obtained at the higher pressure was much greater than 
that of any other sugarcane juice tested. Each curve represents the 
average weight of four male rats fed daily, apart from the basal ration, 
quantities of the concentrated product corresponding to the number 
of cubic centimeters of the original juice indicated at the right of the 
chart. The curves of lots 14 and 15 show that the high-pressure juice 
is about twice as potent in vitamin B as the other juice. A compar- 
ison of the curves in this chart with those in Figure 3 shows that 10 
c. c. of the high-pressure juice was approximately equal to 0.15 gm. of 
dried yeast as a source of vitamin B. 



Fku’rk 3 - Orowth response of rats to difTerent levels of yeast fed as 
a sole source of vitamin B 
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Cane juice 


Item 


Brix degrees. 

Apparent purity per cent.. 

Direct polarization degrees.. 

Invert polarization do. 

True sucrose per cent.. 

Solids (by drying)..,- do 

True purity.. do 

Reducing sugars as invert do.. . 


High Laboratory 
pressure cane mill 


18. fiO 19. 

71 2:1 80. 


13. 40 
-3.92 
13. 9.5 
17.88 
78.24 
2. 40 


16. 
-4 
16. 
19.01 
82. 0(} 
1,66 
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Two rats in lot 13 developed severe polyneuritis at 31 and 38 days, 
respectively. This symptom of vitamin B deficiency, however, was 
not observed in the other groups. Further eviden(*e that growth in 
these experiments was not limited primarily by a lack of the pellagra- 
preventive factor is presented in the curves of lots 15 and 16. At the 
end of 45 days when the supply of high-pressure juice was exhausted, 
these lots received 5 per cent of auto(3aved yeast. If the diet of these 
rats had contained an adequate supply of vitamin B, and growtli had 
been limited by the pellagra-preventive factor, growth at the same 
rate as that shown for the first 10 days of the experimental period 
would be anticipated when the autoclaved yeast was added to the 
diet. 

VITAMIN B IN SUGARCANE JUICE FROM THE UPPER AND LOWER THIRDS OF THE 

CANE STAl.KS 

The upper and lower third portions of the cane stalks (100 pounds 
(»a(‘h) were run through the laboratory cane mill, and the juice was 
filtered through two layers of cheesecloth in order to remove finely 
divided particles of stalk. The top portions yielded 11,840 c. c. of 
juice, and the lower portions 16,880 c. c. 

The juice was concentrated and stored as already described. 
Analysis of the juice gave the results shown in Table 2. 

Table 2. — Analt/ttes of juice obtained from the upper and lower third portions of 

sugarcane 


Item 


Rrix 

Apparent purity 

Reducing sugars ns invert sugar 

True sucrose . 

Solids (by drying) 

'Prue purity 

1 )iroct polarization. 

Invert tmlanzation . .. _ 


I 


j 

Juice from 
ujiper third 

Juice from 
Um er third 

degrees , 

10 

19 9 

per cent-. 

1 HI 0 

90.0 

-do . 

1 4 

0 5 


14 04 

IK 13 

....do.. - 

10 73 

; 19. 5K 

. do . 

H3 92 

i 92. fiO 

degrees. 

+ 13 56 

1 +17.93 

do 

-4 91 

1 -5.91 


J. 


As shown in Figure 5, the upper part of sugarcane stalks contains 
more vitamin B than the lower part of the same stalks. The animals 
of lots 26 and 28 received juice from the lower third of the stalks, and 
lots 27 and 29 received juice from the upper third. Each curve 
represents the average weight of four male rats fed the daily dose 
indicated at the right of the chart. One rat in lot 26 and two rats 
in each of lots 27 and 28 failed to survive the experimental period of 
60 days. Seven cases of polyneuritis were observed, as follows: 
In lot 26, two at 38 and 60 days; in lot 27, two at 45 and 48 days; in 
lot 28, two at 53 days, and one at 56 days. 

VITAMIN B IN SUGARCANE CREAM 

Sugarcane cream is a new product developed by the carbohydrate 
division of this bureau. ^ It is prepared by evaporating cane sirup 
in an open kettle to a high predetermined density, judged by its 
boiling temperatura; cooling this sirup and crystallizing a portion of 

» Painb, H. S., and Balch, R. T. suuak cane cream a new i*boi)uct of commercial value. U. S. 
Dept. Agr. Yearbook 1927. 005-007. 1928. 
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the sugar therein with continuous stirring with a cream beater’^ 
similar to that used in making sugar fondant for coated confection- 
ery; and warming slightly the finished cream in a jacketed remelt 
kettle, in order that the cream may flow into the containers of tin 
or glass. 

Exajnination of this product for vitamin B was (conducted as in the 
preceding experiments. The cane cream was fed daily apart from 
the basal diet at the levels indicated in Figure 6. Each curve repre- 
sents the average weight of four rats. The results show that cane 



Fust^KP: ^Cirowth of rats whon fed canc juice obtained from different portions of the stalk, as a 

source of vitamin B 


creairi contains no vitaxuin B. The average survival of four male 
rats in lot 6 was 34J^ days; in lot 7, 32 days; and in lot 8, 34 days. 
Three cases of polyneuritis occurred in lot 6. three in lot 7, and one" in 
lot 8. ^ 

VITAMIN B IN SUGARCANE SIRUP AND BLACKSTRAP MOLASSES 

Sugarcane sirup and blackstrap molasses were also obtained from 
the carbohydrate division. The cane sirup had been prepared from 
sugarcane juice by the Georgia open-pan process. Both Louisiana 
and Porto Rico blackstrap molasses were examined. Instead of being 
fed apart from the basal ration as in all the preceding experiments, 
these products were mixed with dextrin and incorporated in the 
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ration. The ration was the same as that previously used except that 
the sirup and molasses replaced an equal weight of dextrin. The 
average daily intake per animal of the products tested is shown in 
Table 3, and the growth of the rats fed these products is shown in 
Figure 7. Each curve in this figure represents the average weight of 
four male rats. That the products tested did not contain significant 
amounts of vitamin B is apparent from the fact that no appreciable 
prolongation of life resulted from their addition to the diet. No case 
of polyneuritis was observed in lot 56, but in each of the other lots 
two cases wore noted. 


Table 3. — Average daily intake per amtnal of cane products tested 


Item 


C'une sirup, , . 

Porto Uu*an molasses. 10 per eeut , 
Porto liienn molasses, 5 lair coni 
J.oniMaiia blackstrap 


First 

1 Second 

week 

j week 

GrQin 

1 Gram 

0 41 

1 0 43 

97 

: . 9f> 

.4K 

1 . r,r, 

.54 

] . 53 


Third 

Fourth 

week 

week 

Gra m 

Gra m 

0 33 

0 24 

.53 

.37 

.33 

2S 

29 

. 2(. 


DISCUSSION 

Probably die most important practical application of these findings 
is concerned with the use of (*ane molass(\s as a food for both human 
and animal consump- 
tion . 1 )uring the last 
1 5 or 20 years im- 
mense quantities of 
molasses have been 
used in the manufac- 
ture of so-called mo- 
lasses feeds. From 
the results of the ear- 
lier work of Nelson, 

Heller, and Fulmer^ 
it is conchided that 
there are large varia- 
tions in the vitamin B 
(iontent of molasses, 
since the blackstrap 
molasses which they in- 
vestigated w’as found 
to be an excellent 
source of this vitamin, 
whereas the writers 
found vitamin B to bo 
absent from two sam- 
ples of this product. 

The results obtained in the present experiments show that the inclu- 
sion of generous amounts of molasses in the diet does not insure an 
adeauate amount of vitamin B. 

The fact that the upper portion of the cane stalk is richer in vitamin 
B than the lower portion may be associated with the difference in the 



FuiPKK 6 - Growth of rats when fed cane cream at different levels 
as a source of vitamin H 


9 Nelhon, V. E., Heixer, V. G., and Fulmer, E. 1. molasses as a source of vitamin b. Indus, and 
Ensiu. Chem. 17: 199-201, illus. 1925. 
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stage of maturity of the different parts of the stalk. The older 
portion has Kecoine a storage organ while the younger portion is 
still a seat of considerable metabolic activity.• ** While synthesis 
of sugar takes place in the leaves and these carbohydrates are then 
translocated to the stalk, changes in the nature of the sugar in the 
stalk continue until the stalk reaches maturity. 



Fiovre 7." (Irowth of rats when fed various cane-juice products as sources of vitamin B 


Probably the coptents of the thin-walled parenchymal cells which 
contain the sugar are most easily expressed so that the ordinaiy 
sugarcane juice does not contain a large portion of other protoplasmic 
material. By applying much higher pressure the protoplasm of 
other cells was expressed. The sugar is reserve food for the young 
plants which develop from the nodes when the stalk comes in contact 


• DKKRR, N. cane sugar: a textbook on the agriculture of the sugar CANE; THE MANUFACTURE 

OF CANE SUGAR, AND THE ANALYSIS OF SUGAR-HOUSE PRODUCTS. Ed. 2, r«V. and CDl., 644 p., illUS. Loudon. 
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with the ground or is buried in it. It seems that there is more vitamin 
B in those cells in which there is the greatest metabolic activity. 

SUMMARY 

The results of studies of the vitamin content of sugarcane jui(‘.e and 
some commercial products made from it are reported. 

Sugarcane juice is a poor source of the antineuritic vitamin. The 
juice from the upper portions of cane stalks is richer in this vitamin 
than juice from the lower portions. eJuicc obtained from bagasse by 
using high pressure is richer in the antineuritic vitamin than ordinary 
cane juice. 

vSugarcane juice contains a small amount of vitamin A and little, if 
any, vitamin D. 

Cane sirup, Louisiana and Porto Rico blackstrap molasses, and 
cane cream, products made from sugarcane juice, were found to be 
devoid of demonstrable quantities of vitamin B. 
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CONIDIAL FRUCTIFICATIONS IN BALANSIA AND 
DOTHICHLOE ^ 

liy William W. Diehl 

Associate Pathologist^ Office of Mycology and Disease Survey ^ Bureau of Plant 
Industry y United States Department of Agriculture 

INTRODUCTION 

Bahinsia and Dothichloe arc generally recognized as parasites upon 
grasses and sedgCvS, although the conidial fructifications of these 
fungi have usually escaped observation because they are ephemeral 
and inconspicuous. These two genera have been distinguished cliiefly 
by the form and position of the as(‘Ogenous fru(*-tification . The 
stroma of Balansia is defined as cajiitate and stipitate and that of 
Dothichloe as efTiise. Dothichloe by definition has an effuse ascog- 
enous stroma resembling P^pichloe Tul. except that it is black. 
(A'rtain species show intermediate characters in this respect, and there 
is little actual structural difference implied by these generic distinc- 
tions. Other structures such as conidial fructifi(*ations should be 
useful in clarifying the generic concepts, especially since so little has 
been known in regard to conidial fructifications in either genus. The 
importance of re<*ognizing conidial stages is obvious, sinc(‘ their 
usually inconspicuous occurren(*-e is overlooked even when correlated 
with floret sterility or abortion. 

This paper presents certain observations on conidial phases thought 
to be significant in these genera. Cultuj-al study of the organisms 
has been limited to moist-chamber development, since attempts at 
(Uiltivatioii upon artificial media have thus far been ineflective. 
As(*ospore germination followed by scattered conidial production, not 
in a fructification, as illustrated by Brefeld (4, pL 5, p. 59-62) ^ for 
Epichloe tijphina Tul. and by Moeller {10 ^ pL 5) for Balansia, are not 
discussed here because they are not regarded as especially pertinent. 
All spe(!imens referred to have been deposited with the mycological 
collections of the Bureau of Plant Industry. 

BALANSIA 

BALANSIA CLAVICEPS AND EPHELIS MEXICANA 

Balansia daoiceps Speg. (11, p. 46-46) j the type species of the genus, 
was described as having the capitate ascogenous stroma borne upon 
a sclerotium formed upon an unknown grass in Bolivia. No conidial 
fructifi(;ations were mentioned, nor has any conidial stage since been 
recorded for it. 

Balansia trinitensis Cke. and Mass. (5) is a very similar species, 
described, however, with illustrations of a coniciial fructification 
assigned to the form genus Ephelis as E. trinitensis Cke. and Mass. 
The conidia are said to be borne upon short, simple conidiophores in a 
charac te ristic disc oi d fructification. 

* Heceivod for publication July Zi. 1930; Issued December, 1930. 

Reference is made by number (Italic) to Literature Cited, p. 7ft6. 
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The form genus Ephelis Fr. (P, ^ S70) is based upon E. mexicana 
Fr. sec. B. and C. (Sy 353). This species grows upon various 
grassses in Mexico, Florida, and the West Indies. (PL 1.) Living 

material of E, mexicmia 
growing on Cenchrus in 
Slorida has been avail- 
able for study at dif- 
ferent times for several 
years throi^h the kind- 
ness of G. F. Weber, A. 
J. Bruman, A. C. Foster, 

H. R. FuJton, and G. B. 
Sartori^. The Ephelis 
fructification develops 
from certain points be- 
neath the black, laccatc 
rind of the sclerotium 
as a globular, hairy 
protrusion which opens, 
becoming discoid. (PI. 

I, H-*K.) The rim and 
lower surface of the disk 
are an excJple covered 
with long hairs (fig. 1 
3 m to 4 m in diameter. 
The upper surface of the 
disk is a grayish layer of 
needle - shaped conidia 
borne as a palisade 
upon conidiophores at 
first simple, then vertic- 
illately branched. (Fig. 
2.) Under certain con- 

. ditions the conidia ex- 

trude m conical to columnar masses. When mature the fructifications 
are usually but not always discoid, simulating apothecia of an ascomy- 
cete. This similarity induced Fries (9) to describe the fungus as a 
discomycete. This type of fructification is usually regarded as a 

EXPLANATORY LEO END FOR PLATE 1 

A.--Epheli8 mexicana on Chaetochl^ geniculata; Central Hershey, Cuba. February 3, 1924, J. A. Stevon- 
soiu^Ierotiuirif ^venng^the aborted inflorescence, and bearing typical fructifications. X 1. 

r rnexicana on Chaetochloa sp.; Santiago do las Vogns, Cuba, August 29, 1907, II Tlnsscll)rinK 

sclerotium bearing Ephelis and ascogenous {BaUinsia sp.) fructifications. X I tins.* luring, 

p.— Data of C .; detached ascogenous stromata. X 8. 

E.—Dotail of O. X 8. 

OatoesvlUc, Fla.. March 27. 1223. O. F. Weber, detached 

“m-earanee ef 

J.-Datl ot Hi ^ 

v^Wlfatel“bfrchT^W™?h“^^ 

Photographs for C, D, and E by J. F. Brewer; the others by M. L. 6. Foubjert. 



Figure l ’—Exclpular Imins of Ephelis mexicana, aberrant branched 
hairs at the right, on Ciuichrus from Florida 


» Drawings for figs, i, 2, and 3 were mode from living material mounted in water. 
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EPHELIS MEXICANA 


For explanatory legend see opposite pace 




Conidial Fructifications in Balansia and Dothichloe PLATE 2 



Balansia and Dothichloe 


For explanatory legend see opposite page. 
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pyenidium and assigned to the Excipnlaceae, although its structure, 
disregarding the peculiar exciple, is suggestive of a sporodochiurn. 

A noteworthy specimen of Ephelis mexicana on Chaetocdiloa gath- 
ered in Cuba in 1907 by II. Hasselbring is available through his kind- 
ness. It bears a few ascogenous stromata of Balansia. (PI. 1 , C and D.) 
This is most likely congeneric with a specimen of JSalansia clariceps 
Speg. presented to the writer by the late Professor Spegazzini, but 
appears to be specifically distinct. 


BALANSIA HYPOXYLON 


Balansia hypoxylon (Pk.) Atk. (2) ^’owing upon various grasses 
in the eastern half of the llnited States forms small whitish to grayish- 
green sclerotia sur- 
rounding the immature 
inflorescence, which it 
mummifies. (PI. 2, A 
and B.) 

The surface of the 
young sclerotium is 
made up of a palisade 
of swollen conidio- 
phorcs, each with a 
si ngl(» s t e r i g m a 1 i k e 
api(‘-al yirojection b(‘ar- 
ing an ovate (jonidium. 

(Fig. ;i. A.) These 
conidia were observed 
by Atkinson (2) in a 
single specimen sent to 
him from Texas, but he 
was doubtful of their 
significance. This 
conidial layer and 
conidia are somewhat 
similar to and probably 
homologous with the 
Sphacelia stage which 
w^as shown by Tulasne 
for Epichloe (l^j p. 
f)47) and for Claviceps 
(If, 13). The conidiophorcs of Claviceps do not normally have apical 
projections or sterigmata as is the case in Balansia hypoxylon. In 
the closely related genus Epichloe there is, however, a sterigmalike 
apical projection on the swollen conidiophore, generally ignored in 



Fi<;itre 2 — Conidm ;nnl conidiophoros of Kphrlis mexicana on 
Coiiohnis from Florida 


EXPLANATORY LEGEND FOK PLATE 2 

A. — Balansia hypoxylon (diseased spodmen of Danthonia spicata, Barcroft, Va,, June 2, 1929, 11. A Allard), 
showing inflorescence covered by fungous tissue or scleroUuin. X 1. 

B. — Balansia hypoxylon, data of A, .sclerotia upon aborted inflorescence covered by I he grayish aineros- 
porous fructification, each sclerotium hearing an Ephelis fructification X 8. 

C. -— Dothichloe arisiidae on Panicum sp.; Arlington Experiment Farm, Rosslyn, Va , June 20, 192*1, 
W. W. Diehl: a, EfTuse, grayish scolecosporous layer c*overlng culm and aborted inflorescence (X 12); fr, 
remnant of scolecosporous fructification with immature ascogenous stroma (X 9). 

D. — Dothichloe atramentosa on l^orobolus berterwnus (Auburn, Ala., July 17, 1929, J. L. Seal), showing 
masses of scoleco spores extrudingTrom between folds of the leaves. X 14. 

E. D-^othichloe atramentosa, data of D; araerosporous layer developed upon immature ascogenous stroma 
after exposure for 48 hours in a moist ohamber. X 14. 

Photographs for A and B by J. F. Brewer; others by M. L. 8. Foubert. 
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illustrations but correctly shown in Delacroix's Atlas (ff, pi, 4^, jig, 
29), These • amerosporous fructifications of B, hypoxylon and of 
Epichloe typhina (Sphacelia typhiua Sacc.) are practically identical, 
suggesting a close relationship. After the abscission of the conidia 
in B, hypoxylon the sclerotium remains gray to gray green in color, 
due to the covering of conidiophores. The sclerotium is at first 
gelatinous but becomes cartilaginous in texture; it never forms a 
rac(*.ate rind like that covering the sclerotium of E, mexicana. 

These sclerotia later bear a discoid Ephelis stage (pi. 2, B), described 
originally from a Canadian specimen as Ephelis borealis E. and E. 
(8, p. 86). The fructification, scolecospores, and conidiophores are 
very similar to those of E. mexicaua, but differ in that in the northern 
species the excipnlar hairs are interspersed with the peculiar ovate 

conidia. It appears 
that excipular hairs of 
Bala n s i a hypoxylon 
may be homologous 
with elongated conidi- 
ophores which remain 
sterile, since hairlike 
sterile structures may 
be produced in mass 
upon the surface*, of 
the sclerotium when 
in contact w.ith water. 
(Fig. 3, A.) 

These observations 
on Balansin hypoxylon 
are based upon living 
m aterial growing 
upon Danthonia spi>- 
cata obtained chiefly 
at Barcroft,"^ Arlington 
Co., Va., in 1929, as 
well as upon various dried herbarium specimens. At Barcroft both 
types of fructifications were first observed early in June. By July 
and August of 1929 the formation of ascogenous stromata had ap- 
parently completed the activities of the fungus for the season. 

BALANSIA CYPERI 

Balansia cyperi Edg. (7) has acicular, Ephelislike conidia in- pink 
masses on indefinite areas of the surface of the white sclerotia. These 
conidial areas lack the definite excipular structure of Ephelis. The 
species has not been available to the present writer in a living condi- 
tion, and hence it is not advantageous to discuss its relations further 
here. 

DOTHICHLOE 

The genus Dothichloe Atk. (1, p. 223) , with D. atramentosa (B. and 
C.) Atk. (2, p. 260-264) as the type species, was distinguished be- 
cause of its black, effuse ascogenous stroma. This species on grass 
blades appears to be common in the southeastern part of the United 

Ifhe writer u» grateful to 11. A . Allard for reporting this colony of diseased plants. 





Fioithk 1 - A inprosporous conidia and roTiidioplioies A, Balansia 
hyporylon (an aberrant conidiophore at the right) on Danthonia 
from Virginia; B, Dothichloe atramentosa on Spnrobohis from 
Alabninu, C, D. uristidac on Fanleum from Virginia 



j^ec. 1 , ifiso Conidial Fructifications in Balansia and Dothichloe 765 


States and in the West Indies. In living material on Sporobolus 
herteroanus from Auburn, Alh,, generously contributed, in 1929 by 
J. L. Seal, it was observed that preceding the development of the 
ascogenous stroma and coincident with the unrolling of the young 
grass blade there is formed an effuse palisade layer of acicular conidia 
(scolecospores). From beneath the folds of the grass blade the 
conidia extrude in waxy masses. (PI. 2, D.) Similar material in an 
early stage of development growing on an unknown grass at Burgaw, 
N. C., was observed by the writer on April 25, 1930. The conidia and 
conidiophorcs are practically identical with those of Kphelis mexicarm 
and of the Ephelis stage of Balansia hypoxylon. This effuse conidial 
layer is, however, not circumscribed by any definite exciple. The 
examination of herbarium material of the species has disclosed the 
presence of the scolecosporous fructifleations in specimens from 
various localities. This scolecospore stage is later displaced by the 
effuse ascogenous stroma. When the stroma, as it approaches matu- 
rity, is placed in a humid atmosphere for 12 to 4(S hours it develops 
upon its surface a whitish to grayish-green amerosporous layer 
(pi. 2, D, and fig. 3, B) resembling that in B. hypoxylon. 

A closely related species is Dothichloe aristidae Atk. (f, 2>- ^^4)* 
It surrounds the (ujlms of various grasses, appearing as a black e(|iiiva- 
lent of Kpichloe typhina^ and is broadly distributed in North and 
South America. Living material growing upon Panicum sp. at the 
Arlington Experiment Farm, near Rosslyn, Va., in 1929, showed a 
s(*olecosporous fructification (pi. 2, C^) followed by the ascogenous 
stroma which under certain moisture coTiditions would produce an 
ameros])orous stage, (Fig. 3, (\) The conidial fructifications of 
D. aristidae arc th(‘refore practically indistinguishable microscopically 
from those of D. atramentosa. and develop in the same se(|uence. 

SUMMARY 

In Balansia hypoxylon and in the known species of Dothichloe, 
fungus parasites of certain grasses, conidial fructifications hitherto 
unknown or rarely recognized are found to develop in a similar 
manner. 

An amerosporous conidial fructification similar to that of Epichloe 
is reported for two species of Dothichloe and for Balansia hypoxylon. 

An ascogenous fructification referable to Balansia is reported for 
Ephelis inexicanaj for which no amerosporous stage has been found. 

An effuse conidial fructification microscoph^ally similar to the 
Ephelis (scolecosporous) stage of Balansia is reported for Dothichloe. 

Branched conidiophores are reported in the Ephelis fructifications 
of Balansm hypoxylon ^ in Ephelis wexicana, and in the scolecosporous 
fructifications of Dothichloe. 

The character and sequence of the conidial fructifications in 
Balansia and in Dothichloe show definite correlations which suggest 
their recognition in the taxonomic interpretation of those fungi. 
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FURTHER STUDIES ON THE RELATIONSHIP BETWEEN 
THE CONCENTRATION OF THE SOIL SOLUTION AND 
THE PHYSICOCHEMICAL PROPERTIES OP THE LEAF- 
TISSUE FLUIDS OF COTTON > 

By J. Autiiuu ITauris,^ Head, Department of Botany, Uydvcrmty of Minnesota, 
and Collaborator, Office of Western Irrigation Agriculture, Bureau of Plant 
Industry, United States Department of Agriculture, and Truman A. Pi<scoE, 
formerly Field Assistant, Office of Egyptian Cotton Breeding, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

While the probl(!ni of the relationship between the cliemical and 
physical properties of the soil and the characteristics of the plant is 
as old as the beginnings of scientific agriculture, it is only recently 
that the investigation of certain phases of the ])roblein by means of 
the determination of correlations between the pro])erties of the soil 
and the characteristics of crop jfiants as grown in the experimental 
field has been undertaken. 

In the many studies that have been made of the influence of the 
nutrient solution on the characteristics of the plant, the method almost 
universally eiriployed has been that of culture in synthetic solutions 
of known composition. lhi(juestionably this technic has yieldenl 
results of great importance. It is also (juite clear that this method 
must furnish the final criterion for the determination of the r61e of 
various elements in the metabolism of the plant. 

There are, however, many difficulties connected with investiga- 
tions involving such methods. Plants are grown under conditions 
very dill'erent from those that are normal for their development. 
Notwithstanding the many efforts that have been made to eliminate 
the influence of these abnormalities of condition on the development of 
the organism, it is quite clear that plants grown in culture solutions 
do not develop in exactly the same way as those grown in the field. 
It thei’efore seems desirable to supplement water-culture and pot- 
culture methods by others whenever j)ossible. One such accessory 
method is to consider the relationship between soil properties in the 
field and the characteristics of the plants produced. While field 
experiments can not be expected to give results of the same order of 
finality as water-culture and pot-culture methods in the determina- 
tion of the relative importance of individual constituents of the soil 
solution in the metabolism of the plant, they nevertheless have two 
advantages: 

(1) The investigations are conducted on plants growing under 
natural conditions. Any results secured will, therefore, be such as 
may be expected in the actual growth of croj) plants in the field. 

(2) By the proper development of agronoinic, chemical, and bio- 
metric technic, the investigations may be carried out simultaneously 

I Receiv’^ert for publication June 13, 1930; issued December, 1930. The term “soil solution “ is preferred 
to “soil extract" in this paper since the argument throughout is directed towanl the content of chlorides 
and sulphates which are present in the soil as the environment of root growth. 

* Died Apr. 24, 1930. 
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with others on crop plants as grown under conditions of agriculture, 
or at least of large-scale field experimentation. This combination 
of agronomic and physiological technic has obvious practical advan- 
tagos. 

The purpose of the present paper is to report further investigations 
on the relationship between the concentration of the soil solution 
and the tissue-fluid properties of the Egyptian and upland types of 
cotton. 

The first study (6y dealt with the relationship between the elec- 
trical resistance of the soil on the one hand and the osmotic concen- 
tration (as expressed in terms of freezing-point depression), specific 
electrical conductivity, and chloride content of the leaf-tissue fluids 
of the plant on the other. 

In a subsequent paper (8) evidence was adduced to show that under 
certain conditions there is a positive correlation between soil salinity 
and seedling stand in cotton. Finally it seemed desirable to extend 
investigations to the consideration of the relationship between the 
properties of the soil and some functional characteristics of the plant. 
An analysis (9) of records of Pima Egyptian, Meade upland, and 
Acala upland cotton indicates that the flowering date is slightly 
retarded by soil salinity. 

In the earlier investigation (0) the electrical resistance of the satu- 
rated soil mass, as determined by the electrical bridge in the form 
described by Davis and Biyan (4), provided the only available 
measure of the concentration of the soil solution. Although this 
method was not regarded as altogether satisfa(‘toi*y, it seemed de- 
sirable to employ it in a preliminary investigation, rather than the 
much more expensive analytical methods. While the soil bridge lias 
been extensively used in soil surveys and in other investigations, it is 
quite evident from the theory involved that it can not give information 
conceniing the ideptities of the solutes to which the conductance of 
the saturated soil mass is due. This limitation has always been 
recognized. It is, therefore, desirable that actual analytical de- 
terminations be made of the solutes of the soil to which its electrical 
conductivity is due. In this paper the studies of soil salinity are 
extended to include analytically determined chloride and sulphate 
contents. 

The determination of these ions is particularly desirable in any 
consideration of the relationship between the salinity of the soil and 
the characteristics of cotton. Not only is the cotton plant capable 
of high salt tolerance, as indicated by general agricultural experience, 
as suggested by observations made by Balls (;?, S), and as established 
in early studies by Kearney and Means (15) and by Kearney (14)^ 
but the salt relations of the tissue fluids have been shown to be of 
peculiar interest. Investigations made for the Bureau of Plant 
Industry have shown not only that the chloride content (12) and the 
sulphate content (10) of the leaf-tissue fluids ai*e high, but also that 
there is differential absorption of these anions (5, 7, 11 j IS), Fur- 
thermore, the chloride content of the tissue fluids, especially in the 
Egyptian type of cotton (0), has already been shown to be highly 
correlated with the electrical resistance of the soil. 


« Keferenc« is made by mimljer (italic) to Literature Cited, p. 788. 
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For these reasons it seemed particularly desirable that an investi- 
gation be made of the relationship between the concewtration of the 
chloride and sulphate ions in the soil on the one hand and the physi- 
cochemical properties, especially the chloride and sulphate contents of 
the leaf-tissue fluids, on the other. 

METHODS 

DETERMINATION OF SOIL CONSTITUENTS 

The electrical resistance of the saturated soil mass was measured 
by the conventional method as indicated above. 

The chloride and the sulphate content were determined on 30 to 
50 gm. fractions of the air-dried, finely ])ulverized, and thoroughly 
mixed soil. These were transferred to 300 c. c. Florence flasks and 
200 c. c. of a 5 per cent solution of ammonium nitrate (NH 4 NO 3 ) 
was added to each flask. After 24 hours, during which time the 
suspensions were agitated frequently to produce a uniform suspen- 
sion, a clear soil extract w^as obtained by filtering through quanti- 
tative filter paper. Through th(‘ use of the 5 per cent NH 4 NO 3 
solution as a solvent, tlu^ soil colloids were precipitated, and little 
difficulty was en(‘()untered in the subsecjuent liltrafions. In the dc- 
terminadon of chloride content, duplicate 25 c. c. portions of the 
filtrate w^ere titrated against a tenth-normal solution of silver nitrate 
(Ag N(),0, with 1 c. c. of a 5 per cent solution of potassium chromate 
(K 2 CM) 4 ) as an end-point indicator (f , p. 87). In the determination 
of sulphate content, 100 c. c. portions of the filtered soil extract (ob- 
tained as above) were acidified with 5c.,c. c*onc‘entratcHl hyclro- 
ciiloric acid (HCi) and heatcnl to boiling on a hot i)lato. To the hot 
solution 10 c. c, of a 10 per cent solution of barium chloride (BaC^l^) 
was added w ith c'onstant stirring, and the boiling was continued until 
the preci])itated barium sulphate (BaS() 4 ) settlcnl to the bottom of 
the beaker. The precipitate was collc^cted on a quantitative filter 
})aper, washc‘d, dried, and ashed to constant weight in platinum. 

DETERMINATION OF TISSUE-FLUID PROPERTIES 

The methods employed are those whicii have been used in the 
various investigations on the tissue-fluid properties of cotton dis- 
cuissed in papers already published (^, 6, 10^ IS). 

STATISTICAL ANALYSIS OF DATA 

(\)rrelation between soil properties and tissue-fluid properties have 
been determined by the usual product-moment method. Special 
methods of comparison will be indicated as required. 

MATERIALS 

The cultures considered are those of an experiment made in 1923. 
This set of cultures has furnished data on the cdiloride content {12) 
and the sulphate content {10) of the tissue fluids and on the relation- 
ship between soil salinity and seedling stand (5). The last-named 

{ »aper {8) mav be consulted for details of arrangement of plantings, 
n the consicieration^ of the relationship between soil salinity and 
seedling stand {8) the area of the field used was limited to 16 row^s, 
of 90 hills each, of the two varieties of cotton studied. (Hybrid 
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plants grown between the sections or plots of the two parental types 
were disregarded.) This course was followed because conditions at 
the north half of the plots were such that only a very few hills pro- 
duced seedlings at all. To have included this area would have re- 
sulted in highly abnormal distributions of the number of seedlings per 
hill, since higli modal frequencies on the zero class woidd have been 
obtained. 

In the present investigation it has seemed desirable to include the 
determinations made on the few plants growing on the extremely 
saline north half of the experimental plots (D 1-10, D 1-11). This 
will be more readily understood if constants for the tissue fluids are 
first explained. 

As noted in the papers on chloride content {12) and sulphate con- 
tent {10), two series of determinations were made on the leaf-tissue 
fluids, the first based on collections taken from July 29 to August 14, 
and the second on samples taken from August 18 to 31. 

The first series of determinations was made only on the plants on 
the south half of the plots, since those on the north half were so 
small that it was quite evident that samples of tissues for two sets 
of analyses would not be available. In consequence of this limita- 
tion, the correlations of the present paper are based in part on plants 
grown on the south half of the plot and in part on plants grown on 
both halves of the plot. Series 1 includes the correlations based on 
the first sot of determinations of tissue-fluid properties. Series 2-B 
includes the correlations based on the second set of determinations 
but limited to the south half of the plot. It is therefore exactly 
comparable with series 1 as far as experimental area is concernedl. 
Series 2-A includes all the tissue-fluid determinations based on plants 
growing on both the north and the south halves of the experimental 
plot. 

RESULTS 

All the correlation coefficients expressing the relationship between 
the measures of soil salinity and the properties of the leaf-tissue fluids 
are presented in Tables 1 to 3. The first column gives the variables 
of the soil (electrical resistance, i?; chloride content. Cl) and sul- 
phate content, SO4) and of the plant (freezing-point depression, A; 
specific electrical conductivity, k; chloride content. Cl) and sulphate 
content, SO^) involved in the correlations denoted by the symbols 
^jffA, ^Rk, ^RCl, '"RSOii, etc. The third to the tenth columns, inclu- 
sive, give the coefficients based on the determinations made on the 
soil layers of the first 4 feet. The eleventh and twelfth columns give 
the coefficients based on the average resistance of the first 4 feet. Fi- 
nally, the thirteenth and fourteenth columns give the average of the 
coefficients based on the constants for the four individual soil layers. 

As indicated above, two sets of determinations on the leaf-tissue 
fluids were available. Table 1 gives the coefficients measuring the 
relationship between the properties of the soil and the first series of 
determinations on the leaf-tissue fluids. Tables 2 and 3 give com- 
parable results for the second series of determinations. Table 3 pre- 
sents the constants for the south half of the field. It is therefore 
altogether comparable with Table 1. Table 2 gives the data from the 
second series of determinations for both parts of the experimental 
plot. These coefficients represent the fundamental constants upon 
which the subsequent discussion is based. 
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Table 2. Correlation coefficients measuring the relationship between each of the three measures of soil salinity {electrical resistance, chloride 
intent and sulphate content) and various tissue-fluid properties in Pima Egyptian and Lone Star upland cotton grown at the United 
JStates Field Station, Sacaton, Ariz., in 1923 

[Experiment 1/23; senes 2-A, determinations based on plants grown on the entire plot] 
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Table 3. Correlation coefficients measuring the relationship between each of the three measures of soil salinity {electrical resistance, chloride 
intent, and sulphate content) and various tissue-fluid properties in Pima Egyptian and Lone Star upland cotton grown at the United 
States Field Station, Sacaton, Ariz., in 1923 

[Experiment 1/23, series 2-B, deternimations based on plants grown on south half of plot] 
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The data may be most readily understood if presented graphically 
as in Figure 1 for the first series and in Figures 2 and 3 for the second 
series of determinations. Figure 3 contains determinations for only 
the south half of the plot and is therefore quite comparable witn 
Figure 1. Figure 2 represents correlations based on the total material 
from the loss saline south half of the e.\perimental area and on the few 



available determinations from the highly saline north half of the 
experimental tract. 

In these figures the magnitudes of the correlation coefficients are 
represented on the sc^e of ordinates. With the exceptions the 
correlations between soil resistance and the tissue-fluW properties, as 
given in the table of constants, hare negative signs. Since soil salinity 
is measured in terms of soil resistance and is tnerefore, within limits, 
invessely proportion^ to the resistance, a negative coefficient indicates 
that higher soil salinities are associated with higher values of osmotic 
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concentration and electrical conductivity and higher chloride and sul- 
phate contents of the tissue fluids. In representing these correlations 
in connection with the others the sign has therefore been changed in 
order to facilitate comparisons between the several different relation- 
ships considered and to reduce the vertical dimensions of the diagrams 
to a size practicable for publication. 

In Figures 1 to 3 the soil property involved is indicated on the axis 
of abscissas, at the bottom of the vertical sections of panels, as iJ, 



FKiiTRK 2 — Correlation cix'fllcients measuring the relationship between each of the three measures 
of soil salinity and various tissue-fluid properties in Ihrna Eg>ptian cotton (represented by dots) 
and Lone Star upland cotton (represented by circles) grown at the United States Field Station, 
Sacaton, Ariz., in 1923 fexporiinent 1/23). Second senes of (ieterminations, based on entire plot 

Cl, and SOi for the first, second, third, and fourth foot. The right- 
hand sections of the figures represent the average magnitudes of the 
correlation coefficients (not the correlation coefficients for the averages 
of the soil properties) for the four different soil layers and the plant 
characteristics. 

Figures 1 to 3 are divided into four transverse sections, each show- 
ing the* relationships between a given property of the soil {R, Cl, or 
SOf) and the osmotic concentration as measured in terms of freezing- 
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point depression (A), specific electrical conductivity (ic), chloride con- 
tent (Cl)j and. sulphate content (SO4) of the tissue fluids. The corre- 
lation coefficients for Pima Egyptian cotton are represented by the 
position of solid dots, while trxose for Lone Star upland cotton are 
shown by the position of circles, on the scale of ordinates. The posi- 
tion of these dots and circles with reference to the transverse bars that 


■■/’ZO 

• -00 

■ 

-20 

SCi^ 

o— 

SO^ 

SO^ 

SO4 

" '-o 

■ .% 



vy 





-y- ^0 

-/■so 

• 00 

Cf 

Cl 

• 

c/ 

" 'a 

Cl 

iV 

•v 

• 

• 

0^ 





■4-40 

■+Z0 

• 00 

•-so 

K 

Z: 


< 

-t 

k 

* 

» 

4’ 


\ 



'xj 


A ' 

>o<; 

A 

A 

A 

A 

♦ 


1 .11 




L 

k Cl SOf 
F/nST FOOT 

7f Cl SOf 
SECON2J FOOT 

if Cl $0^ 
FOOT 

k Cl S04 
FOURTH FOOT 

if Cl SO4 
/9VER/70F 


Figure 3 . — Correlation coeffleients measuring the relationship between each of the throe measures 
of soil salinity and various tissue-fluid properties in Pima Egyptian cotton (represented by dots) 
and Lone Star upland cotton (represented by clKsles) grown at the United States Field Station, 
Sacaton, Ariz , In 1923 (experiment 1/23) . Second series of determinations, based on south half of 
plot 


represent zero correlation will make the signs and the magnitudes of 
the coefficients quite clear. 

Considering first the relationship between each of the three meas- 
ures of soil salinity and the freezing-point depression (A) of the leaf- 
tissue fluids, as shown in the lowest transverse section of Figures 1 
^ 3, it appears that while the coefficients are distributed with some 
irregularity, all are positive values. It is interesting to note that in 
26 of the 36 constwts^ exclusive of averages, the coefficient for Pima 
Egyptian cotton is higher than that for Lone Star upland cotton, 
wnerOjas in 11 of the cases the reverse is true. This point will be 
considered later. 
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Inspection of the transverse section, second from the bottom (figs. 
1 to 3), representing the relationship between the properties of the soil 
and the specific electrical conductivity {k) of the tissue fluids, shows 
that, in general, there is a positive correlation between the measures 
of the electrolyte content of the soil and the associated electrolyte 
content of the plant-tissue fluids. 

In the first series of determinations (fig. 1) the coefficients for Pima 
Egyptian cotton are conspicuously higher than those for Lone Star 
upland cotton. As a matter of fact, the latter deviate only slightly 
from zero correlations. Their general average is actually negative in 
sign in the case of the relationship between the sulphate content of 
the soil and the electrical conductivity of the tissue fluids. If the 
second series of determinations is limited to the same area as the first 
(fig. 3), essentially the same results will be found, although it is to be 
noted that the correlations for soil resistance and the specific elec- 
trical conductivity of the tissue fluids of Pima Egyptian cotton are 
sensibly 0 for all levels, while the correlations for Lone Star upland 
cotton are only slightly positive. If the entire area of the experi- 
mental plot is included (fig. 2) it appears that all the coefficients are 
conspicuously positive and of the general order of magnitude r==0.4(). 
These relationships will be conwsidered in greater detail after the corre- 
lations for the two individual electrolytes of the tissue fluids are 
discussed. 

The relationships between soil salinity and the chloride content 
{Cl) of the leaf-tissue fluids arc of especial interest since the Egyp- 
tian and the upland cottons have been showm to be differentiated 
with respect to chloride content {7,11, 12, IS) and sulphate content 
(7, 10, 13), In the 30 determinations of both the first and second 
series, the correlations between the three measures of the concen- 
tration of the soil solution and the chloride content of the leaf-tissue 
fluids based on the Egyptian plants are positive. In the first series 
of determinations (fig. 1) and in those determinations of the second 
series that are based on the less saline area of the field (fig. 3), the 
correlations for the Egyptian cotton arc higher in all cases than those 
for the upland variety. This is not uniformly the case if the correla- 
tions include those determinations of the second series that are based 
on the more saline area of the field (fig. 2). 

While the correlations between the three measures of soil salinity 
and the chloride content of the Egyptian variety are positive in all 
cases, this condition is not found to prevail for the upland variety, 
for which a number of the coefficients are essentially 0 or even nega- 
tive in sign. While great weight should not be put on these results, 
they nevertheless furnish a strong suggestion that the Egyptian 
type not only absorbs larger quantities of chlorides (as shown in 
previous investigations) than does the upland type, but that it is 
more exactly adjusted to the chloride content of the substratum 
than is the upland type of cotton. It may be urged in criticism of 
this view that only one-third of these coefficients measure the rela- 
tionship between the chloride content of the soil and the cliloride 
content of the leaf-tissue fluids, while the others measure the rela- 
tionship between the electrical resistance and sulphate content of 
the soil on the one hand and the chloride content of the leaf-tissue 
fluids on the other. In reply to this suggestion, it must^be]pointed 

2e90T— 30 ' 2 
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out that the electrical resistance of the soil is in part inversely pro- 
portional to its chloride content and that there is in all probability 
a correlation between the chloride content and the sulphate content 
of the individual areas of the field. Thus a full solution of the problem 
under consideration involves a study of the correlations between 
each soil property and all the other soil properties as well as of those 
between the soil properties on the “one hand and tissue-fluid proper- 
ties on the other. It has not yet been possible to undertake this 
special investigation. 

Finally, the relationship between the three measures of soil salinity 
and the sulphate content (SO4) of the leaf-tissue fluids must be con- 
sidered. 

Figure 1 shows that for the first series of determinations the coef- 
ficients are positive in all cases. For the second series of determina- 
tions based on the same area (fig. 3) this is also generally true. In 
the latter case, however, it is to be noted that a number of the de- 
terminations for Egyptian cotton fall near or even below the line 
denoting zero correlation. When the correlations include determi- 
nations based on plants from the more saline portion of the field 
(fig. 2) all the coefficients are positive and of the order of magnitude 
r-0.10 to 0.50. 

In comparing the magnitudes of the' correlations for sulphate con- 
tent in the Egyptian and upland types, it is to be noted that in only 
16 out of the 36 cases is the correlation for the Egyptian variety 
higher than that for the upland variety. In 20 of the ^‘.ases the 
reverse is truc.^ 

While the differences between the correlations for the sulphate con- 
tent of the Egyptian and upland type are not large, it is to be noted 
that they are the reverse of those found for the correlations for the 
chloride content of the tissue fluids. The results suggest that the 
correlation between the soil salinity and sulphate content may be 
higher in the uplaiid than in the Egyptian type. This must, however, 
remain merely a suggestion until further data are available. 

Taking all the foregoing results as a whole, they show clearly 
that it is quite possible to deal in a quantitative way with the rela- 
tionships between the analytically determined values of the ions of 
the soil and the characteristics, of the plants when the latter arc 

S jrown under ordinary field conditions. While the correlations are 
ow in magnitude and somewhat irregular in distribution, this is 
unquestionably in part due to the relatively rough methods employed 
in all stages of this preliminary investigation. When methods of 
sampling and of the determination of the soil properties are improved, 
data of a much higher degree of precision may be secured. 

The preceding discussion has been limited to a consideration of 
the general order of magnitude of the coefficients measuring the rela- 
tionshii)s between the properties of the soil and the physicochemical 
properties of the leaf-tissue fluids in the two varieties. It is now 
necessary to consider the relative magnitudes of the several classes 
of correlations. Two groups of comparisons are necessary for a full 
understanding of the results. 


< The differences in the coefficients are so sU^t in some cases that they can not be read from the diagrams. 
They have, therefore, been summarized from Tables J-3. In the correlations for soil resistance the negative 
siRn^^llave tieen made positive for purposes of comparison. 



^ec 1 , 1930 Studies of the Leaf-Tissue Fluids of Cotton 779 


(1) The differences 
"jBA -^Rk 
^RA - ^RCl 
^RA - ^RS(h 
^Rk -^RCl 
^Rk -^RS(h 
^RCl-^RSO^ 


^ClA -^CIk 

^aA -^aci 
^ciA -^aso, 
^cik -^cia 
^CIk -^CISO, 

^cia-^aso. 


^SO^A -^SO,K 
\SO,A -^SO,Cl 
^SO,A -^SO,SO, 
^SO,K -^SO^Cl 
^SCKk -^so^so, 
\so,a-^s(hso. 


show the relative magnitudes of the correlations betw^een each of the 
tissue-fluid properties and each of the three measures of the concen- 
tration of the soil solution. 


(2) The dilTerences 

^ra - ^ciA ^Rk - ^aK ^Rci - ^cici ^rso4 - ^ciso, 

^Ra - ^S(hA ^Rk - ^S(.hK ^RCl - ^SihCl ^RSO, - ^SO,SO, 

^ClA - VSYA A ^CIk - ^S04k ^Cia - \SO4Cl ^CISOa - ^som 

show the relative magnitudes of the correlations between each of the 
three measures of the concentration of the soil solution and each of the 
tissue-fluid properties. 

The numerical values of all these diflerences and the probable 
errors which are necessary for determining their significance may be 
calculated from the constants in Tables 1 to 3. Since the probable 
errors of the correlation coefficients are for the most part relatively 
large because of the generally low value of the coefficients and the 
relatively small number of determinations upon which they are based, 
it does not seem desirable to present and discuss in detail the numeri- 
cal values. The comparisons may bo made at a saving of space by a 
graphic presentation of the differences. (Fig. 4.) 


comparison of correlations between different tissue-fluid properties 

AND A GIVEN MEASURE OF SOU. SAl.INITY 

In Figure 4 the two coefficients involved are represented on the 18 
panels, each of which presents one set of differences. The compari- 
son is betw^een the values of the coefficients given on the lower margin 
of the panel and that given above the scale representing the depth 
of the sample. The differences arc taken as shown in the first of the 
two schemes of differences above. The reader will find it convenient 
to note that the value of the coefficient indicated above the scale of 
depth is always subtracted from that of the coefficient given on the 
basal margin of the panel. Thus when the correlation indicated by 
the marginal symbols has a larger value (algebraically considered, 
and regarding the reversal of the signs which has been made in the 
correlations involving soil resistance), the differences (scale of ordi- 
nates) will lie above the bar denoting a difference of zero (or, for 
brevity, the zero bar). 

In each of the panels, throe scales represent the correlations for 
the soil samples taken at the first to the fourth foot (1 to 4) and the 
average correlations (A). The three series of correlations deter- 
mined are represented by 1, 2-A, and 2-B, as defined on p. 770. 

A comparison of the correlations between the electrical resistance 
of the soil solution and the osmotic concentration (as measured in 
terms of the freezing^oint depression) of the leaf-tissue fluids CBA) 
with the correlations Between soil resistance and the specific electrical 
conductivity of the leaf-tissue fluids CRk) shows that, for the Egyptian 
cotton, the differences are practically 0 in series 1 and 2-A. In 
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Figubs 4.-~Differences between correlations of various tissue-fluid properties (Series 1, 2-A, and 2-B) with a given measure of soil salinity in Pima Egyptian cotton 
(represented by dots) and Lone Star upland cotton (represented by circles) grown at the United States Field Station, Sacaton, Ariz., in 1923 (experiment 1/23) 
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series 2-B the Egyptian plants show higher correlations between soil 
resistance and osmotic concentration than between. soil resistance 
and electrical conductivity CRA>^Rk). For the upland cotton, 
the correlation between soil resistance and osmotic concentration is 
higher than that between soil resistance and electrical conductivity 
in all cases CRA>^Rk), 

The correlations between soil resistance and the concentration of all 
solutes (as measured by the freezing-point depression) in the leaf- 
tissue fluids are, for upland cotton, higher in all cases than the cor- 
relations between soil resistance and the concentration of chlorides 
in the leaf-tissue fluids CRA>^RCl). Foi the Egyptian cotton the 
difierences are in general much lower, and certain of them are well 
on the negative side CRSO^yRA). 

The correlations between soil resistance and total solutes are higher 
in the Egyptian cotton than those between soil resistance and tissue- 
fluid sulphates CRA>^RS()a). The differences between these tw^o 
(‘orrelations are smaller in the upland variety and sometimes on the 
negative side CRA^y^RSO^), 

In the upland variety ^Rk>^R(1 in the majority of cases. The 
differences are, however, so small that little stress is to be laid on 
them. In series 2 B the values of ^RCl for Egyptian cotton seem to 
be distinctly larger than those of ^Rk, 

It appears that in some cases ^Rk>^RS()j^j wdiereas in other cases 
^Rk<^RS 04 in both Egyptian and upland cotton. 

The third panel of the central row of Figure 4, A, shows that in the 
Egyptian variety the correlation between soil resistance and tissue- 
fluid chlorides is gen (‘rally greater than that between soil resistance 
and tissue-fluid sulphates CRCl> ^RSOa ) in the upland variety 
the reverse (JRS0C>^RCI) is invariably true. 

The three lower panels of Figure 4, A, and the three upper panels 
of Figure 4, B, give the results of comparisons of the correlations 
between the chloride content of the soil and each of the properties 
of the leaf-tissue fluids. 

A (‘comparison of the conelation of the chloride content of the soil 
and the total solutes of the leaf-tissue fluids as measured in terms 
of freezing-point depre^ssion, ^ClA, and the chloride content of the 
soil and the specific electrical conductivity of the leaf-tissue fluids, 
^CUj shows that, in general, in both Egyptian and upland cotton 
^ClAy^CU. 

These results are substantiated in a general way by the comparisons 
of the correlations between the chloride content of the soil and the 
total solutes of the leaf-tissue fluids {^ClA) with those between the 
chloride content of the soil and the concentration of chlorides (fClCl) 
and sulphates (fClSO^) in the leaf- tissue fluids, as show n by the lower 
central and right-haml panels of Figure 4, A. Generally, although not 
invariably, ^UlA>^ClCc and ^ClA>^ClSOi in both Egyptian and 
upland cotton. 

A comparison of the correlations between the chloride content of 
the soil and the electrical resistance of the leaf-tissue fluids, ^CIk^ and 
the correlations between the chloride content of the soil anci the 
chloride content of the leaf-tissue fluids, ^ClCl (fig, 4, B), shows such 
irregularities that any final conclusion is impossible. There is, how- 
ever, some evidence that in both the Egyptian and upland varieties 
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^CIk>^CICI. In the comparison between *CIk and ^ClSOi it appears 
that in general ^CIk>''CISOi in the Egyptian variety, whereas the 
differences are insimificant in the upland variety. In the comparison 
of ''ClSOi with ’■(7/C?, the differences are so evenljr distributed about 
0 that no final conclusion is to be drawn concerning any differences 
in these coefficients. 

Comparisons of the correlations between the sulphate content of 
the soil and each of the various tissue-fluid pr^erties of the plant are 
made in the si.x lower panels of Figure 4, B. The results from a com- 
parison of ’'504^ with the other tissue-fluid properties show that in all 
cases 'SO^Ay^SOiK for the upland variety. This condition is not 
realized in the case of the Egyptian tvpe. In the upland varieties 
the relation 'SO^A > 'SOtCl is found in all cases. In the Egyptian type 
this condition is generally hut not invariably realized. Finally the 
relation ^SOiA> 'SOtSOt is found in all but one case in the Egyptian 
type. This condition is not realized in the upland type. 

The comparison between ^SOiK, on the one hand, and 'SOfil and 
'SOiSOi on the other, and between 'SO 4 CI and 'SOiSOt shows results 
too irregular to merit further discussion until additional data are 
available. 

Notwithstanding various iiTegularities (believed to be due primarily 
to limitations in the experiment, which will be discussed later), there 
seem to be certain definite trends in the results which are important 
in confirming earlier results and in suggesting further lines of work. 

(1) In the upland variety the correlation between the electrical 
resistance of the soil and the concentration of all solutes of the leaf- 
tissue fluids (as measured by freezing-point depression) is higher than 
the correlation between the salinity of the soil and the conductivity 
of the tissue fluids. The relationship is not so marked in the Egyptian 
type. 

(2) In general the correlation between the analytically determined 
(ioncentration of tile two ions studied in the soils and the total solutes 
of the tissue fluids as measured in terms of osmotic concentration is 
higher than that between these ions and the various measures of 
electrolyte content of the tissue fluids. 

(3) In the upland variety the correlations between the soil resist- 
ance and total solutes of the tissue fluids are higher than those between 
soil resistance and the chlorides of the tissue fluids ('RA > 'RCl), where- 
as in the Egyptian variety the reverse {’RCl > 'RA) may be true. 

(4) In the Egyptian variety the correlations between soil resistance 
and total solutes are higher than those between soil resistance and 
tissue-fluid sulphate content {'RA > 'RSOt). The differences between 
these two correlations are smaller in the upland type, and their sign 
may in some cases be reversed i^RSOt>'RA). 

(5) Paragraphs 3 and 4 suggest that the correlations between soil 
salinity and cnloride content are higher in the Egyptian variety, 
whereas the correlations between soil resistance and sulphate content 
are higher in the upland type. Thus, there seem to be differences 
between the relationships of the specific ions of the leaf-tissue fluids 
of Egyptian and upland cotton to the concentration of the electrolytes 
in the soil as measured in terms of the electrical resistance. 
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COMPARISON OF CORRELATIONS BETWEEN DIFFERENT MEASURES OP SOIL 
SALINITY AND A GIVEN TISSUE-FLUID PROPERTY 

The second group of comparisons — those showing the differeinves 
in the correlations between a given constituent of the leaf-tissue fluids 
and different measures of soil salinity — are represented gi-aphically 
in Figure 5, w^hich is constructed on the same principle as Figure 4. 

The differences are so taken that when the correlation between the 
constants given at the lower margin of the panel is higher than that 
between the constants given above the scale for soil depth, the differ- 
ence will lie above the bars denoting zero.^ 

Considering all the differences shown in the 12 panels of Figure 5, 
it appears that they are about equally distributed above and below 
the zero bars. Thus it must be recognized at the outset that there are 
no great differences between these pairs of correlations. 

An examination of the correlations between soil resistance and tis- 
sue-fluid properties in comparison with those between soil chloride 
content and tissue-fluid properties shows that for freezing-point de- 
pression (A), specific electrical conductivity (/c), chloride content (C/), 
and sulphate content the correlation between soil resistance 

and the given tissue-fluid property is sometimes higher and some- 
times lower than that between soil chloride content and the same 
tissue-fluid property. A (‘comparison of the correlations between the 
resistance of the soil and the tissue-fluid properties with the correla- 
tions between the sulphate content of the soil and the tissue-fluid 
projierties shows similar results. 

Thus it is quite clear that so far as the data of this investigation 
may serve as a basis for generalization, the electrical resistance of 
the soil is about as satisfactory a measure of salinity as analytically 
determined values of either sulphate or chloride content. 

Comparison of the correlations between the tissue-fluid properties 
and the chloride and sulphate contents of the soil shows that for the 
relationships as a whole the differences are sometimes on the positiye 
and sometimes on the negative side of 0. In short, the tissue-fluid 
properties are in some cases more closely correlated with the chloride 
content and in other cases more closely correlated with the sulphate 
content of the soil . 

Since these latter differences are of particular interest because of 
the fact that the absorption of (dilorides and sulphates has been shown 
to be differential for the two varieties, they may bo examined in 
somewhat greater detail. The upper right-hand panel of Figure 5, A, 
shows that in upland cotton the correlation between the chlorides of 
the soil and the freezing-point depression of the tissue fluids is gen- 
erally higher than that between the sulphate content of the soil and 
the freezing-point depression of the tissue fluids. The reverse re- 
lationship is, however, found in the first series of determination for 
Egyptian cotton. For the relationship between the chloride and sul- 
phate content of the soil and the electrical conductivity of the tissue 
fluids, ^Ch^^SOiK in all but one case in the upland variety. There 
are, however, many exceptions to this rule in the case of the Egyptian 
variety* 

The conmarisons between ^ClCl and ^SO^Cl and between ^ClSOi 
and '^SOiSO^, as shown in the two right-hand panels of the lower 

( In all cases in which electrical resistance serves as a measure of the concentration of the soil solution 
the signs of these coefficients have been changed before determining differences. 
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Fioore 5.— I>i£fereiices between correlations of a given tissue*f}iii<i property (series 1, 2-A, and 
2-B) with various measures of soil salinity in Pima Egyptian cotton (represented by dots) and 
1/ono Star upland cotton (represented by circles) grown at the United States Field Station, 
Sacaton, Ariz., in 1923 (experiment 1/23) 
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half of Figure 5, B, are of particular interest because they show that 
there are no conspicuous and universally constant differences between 
these pairs of correlations. 


DISCUSSION 

The results of the present investigation show that there is in general 
a positive correlation between the .-alinity of the soil and the osmotic 
concentration as measured in terms of freezing-point depression (A), 
specific electrical conductivity (k), chloride content (Cl), and sulphate 
content (^ 04 ), of the leaf-tissue fluids of both Pima Egyptian and 
Lone Star upland cotton. 

These relationships prevail whether soil salinity is measured in 
terms of electrical resistance (in which case the signs of the coeffi- 
ci(mts have been reversed, since salinity is, within limits, inversely 
proportional to electrical resistance) or as chloride (‘ontent or sulphate 
('.ontent expressed as percentages of the air-dry weight of the soil. 

Except for the lower numerical values of the coefficients, the re- 
sults obtained in the present study fully confirm those of the earlier 
investigation on the tissue fluids of Pima Egyptian and Acala and 
Meade upland cotton ( 6 ‘). The writers are inclined to attribute the 
lower values of the coefficients obtained in the present investigation 
(based on experiment 1/23) as compared with the first study (based 
on experiment 3/22) to the lower technical quality of the data of the 
present series. This pertains especially to the manner in which the 
soil samj)les were taken. The limitations of the methods of sampling 
employed in experiment 1/23 have been adequately discussed in a 
study of the relationship between soil salinity and seedling stand (<§), 
in which it was found that lower correlations prevailed in the experi- 
ment of 1923 than in that of 1922. The explanation of the lower 
numerical values of the coefficients is probably the same for seedling 
stand and for tissue-fluid properties. 

The present results extend those already available by showing that 
the relationships between the properties of the soil and the character- 
istics of the plant hold for the analytically determined solutes (chlo- 
rides and sulphates) of the soil as well as for the more general measure 
of soil salinity provided by the electrical resistance of the soil mass. 

Taking these results as a whole, it appears that the present data 
show no regular and universally valid difference between the correla- 
tions of any of the three measures of soil salinity and the tissue-fluid 
properties. There is unquestionably some correlation between each 
of these three measures of soil salinity and the various measures of 
concentration of solutes in the leaf-tissue fluids. It is not possible 
to assert, on the basis of the present results, that the correlations are 
universally higher for one measure of soil salinity than for another. 

In any consideration of these results, the probability that the 
concentrations of the different salts in the soil are not independent 
but correlated must bo borne in mind. This fact must have its 
bearing on the relationship between the electrical resistance of the 
soil and the tissue-fluid properties of the plant. Since electrical re- 
sistance depends upon all ions, it is not unreasonable to assume that 
it might give a higher correlation with tissue-fluid properties depend- 
ing upon a numbei^ of solutes than would any one ion of the soil 
solution. This problem requires further investigation. 
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The foregoing explanation of the fact that the correlation between 
the electrical, resistance of the soil and the tissue-fluid properties is 
equal to or greater than that between the specific ions of the soil and 
the tissue-fluid properties applies only to such general measures of 
tissue-fluid concentption as freezing-point depression and specific 
electrical conductivity. It can not be urged for such relations as 
those between the chloride content of the soil and the chloride con- 
tent of the tissue fluids and between the sulphate content of the soil 
and the sulphate content of the tissue fluids in which other factors 
must be taken into consideration. 

It is quite possible that the method of expressing the concentration 
of chloride and sulphate as a percentage of the dry weight of the soil, 
while conventional, is not the most advantageous for purposes of 
this kind. It would unquestionably be better if some measure of the 
concentration of these ions in the soil solution were made the basis 
of the correlations. Furthermore, it must be borne in mind that 
there nuiy be large reserves of sulphate in the soil in the form of the 
relatively insoluble calcium sulphate. Thus the concentration of 
sulphate at any one moment in a water extract, expressed as a per- 
centage of the weight of the soil, would not necessarily represent the 
conditions to which the plant itself is subjected. 

It will be clear from the foregoing considerations that the problem 
of the relationship between the soil and the plant as it grows on the 
ordinary agricultural field is one of very great complexity. In the 
investigation of these interrelationships the correlations between the 
concentrations of the various constituents of the soils complicates the 
problem. More refined methods (both experimental and statistical) 
and larger series of data for both the soil and the plant will bo neces- 
sary to unravel fully the tangle of interrelationships. Because of 
these obvioxis difficulties it seems best to defer a further statistical 
study of the problem until better data than those now in hand are 
available. 

While the results secured up to the present time have an important 
bearing on the physiology of the cotton plant, they have a greater 
importance in relation to the methodology of agricultural investiga- 
tion, in that they show that by a proper combination of agronomic, 
chemical, and biometric methods it will be possible to investigate in 
the field many problems which have been assumed to be open to in- 
vestigation only under the controlled conditions of the laboratory. 

The criticism may be made that the correlations in the present paper 
are of too low an order of magnitude to be taken as a trustworthy 
measure of the relationship between the variables of the soil and the 
plant. To this objection the reply is threefold. 

(1) The assumption is tacitly made that in laboratory experimen- 
tation the results are of a high degree of trustworthiness. In the 
investigation of the relationship of the characters of the plant to the 
properties of thp soil or culture medium this is by no means invariably 
the case. As far as the writers are aware it is still to be demon- 
strated that in the investigation of the relationship between the con- 
centration of the solution and the characteristics of the plant results 
of a higher order of precision have been obtained in the laboratory 
than those which have been secured in these studies. 

i2) There is no reason to assume that any individual interrela- 
tionship will be of a high order of magnitude. The determination of 
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the order of magnitude of relationships between soil properties and 
plant characters is, indeed, one of the objects of any investigation of 
this kind. It is the trustworthiness rather than the magnitude of 
the constants which is of importance in determining the value of the 
results. 

(3 ) V arious reason s for believing that the correlations for the present 
experiment were far from ideal have been indicated in the discussion. 
Much higher coeilicients have been obtained for certain of the variables 
in an earlier investigation (6*), which is believed to be technically 
better. Both this and the present study have been reconnaissance 
experiments. There is every reason to believe that the organization 
and technical details of such experiments can be materially improved, 
with the result that higher correlations and better fits of the regres- 
sion lines or curves will be obtained. 

SUMMARY 

The present paper is one of a series dealing with the measurement 
of the relationships between the properties of the soil and the char- 
acteristics of the crop j)lant produced {6, 8y 9). 

When suitable data arc available the relationships between the 
charactertistics of the plant and the salinity of the soil may be satis- 
factorily expressed in terms of the correlation coefficients. While 
salinity is an advantageous soil property for a first investigation, 
there is every reason to believe that the method may be extended to 
other soil properties. 

The present paper confirms and extends the findings of the first 
study (6*) of the relationship between the salinity of the soil and the 
tissue-fluid properties of Pima Egyptian, Meade upland, and Acala 
upland cotton in that. ])ositive correlations are demonstrated between 
the electrical conductivity, the chloride content, and the sulphate 
content of the soil, on the one hand, and the freezing-point depression, 
specific electrical conductivity, and chloride and sulphate content of 
the leaf-tissue fluids of the plant on the other. The coefficients 
obtained in the present study are lower than those found in the first 
investigation. The reasons for the differences are discussed. 

The present findings extend those of the earlier investigation in 
that, they are based on two additional variables for the soil (chloride 
content and sulphate content) and on an additional variable for the 
tissue fluids (sulphate content) , The fact that statistically significant 
correlations have been obtained for all the combinations of the vari- 
ables of the soil and the plant demonstrates the wide usefulness of 
the method of research employed. 

The present study is admittedly preliminary in nature. It has 
fulfilled its purpose by confirming and extending previous results and 
by showing that physiological investigations of this kind may be car- 
ried out in conjunction with ordinary field-plot studies. When the 
refinements of technic that may be made at many |)oints are avail- 
able, results of far greater exactness and wider significance may be 
expected. 



788 Journal of Agricultural Re$ear<Jt vo>. «, No. u 


LITERATURE CITED 


(1) Association op Official Aoricultubal Chemists. 

1925. official and tentative methods of analysis, compiled by 

THE committee ON EDITING METHODS OF ANALYSIS. REVISED 

to JULY 1 , 1924. Ed. 2, 535 p., illus. Washington, D. C. 

(2) Balls, W- L. 

1914. A NOTE ON LEAF-FALL AS A CAUSE OP SOIL DETERIORATION. Cam- 
bridge Phil. Soc. Proc. 17: 466. 


(3) 


1914. SPECIFIC SALINITY IN THE CELL SAP OF PURE STRAINS. Cambridge 
Phil. Soc. Proc. 17: 467-468. 

(4) Davis, R. 0. E., and Bryan, H. T. 

1910. THE ELECTRICAL BRIDGE FOR THE DETERMINATION OF SOLUBLE 
SALTS IN SOILS. U. 8 . Dept. Agr., Bur, Soils Bui. 61, 36 p., 
illus. 

f6) Harris, J. A. 


1925. THE ACCUMULATION OP CHLORIDES IN THE LEAP TISSUE FLUIDS OP 
EGYPTIAN COTTON WITH THE MARCH OP THE SEASON. Soc. Expt. 

Biol. Med. Proc. 22: 415-417. 


ro) 

1926. THE RKLATiON.SHIP BETWEEN THE CONCENTRATION OF THE SOIL 

SOLUTION AND THE PHYSICOCHEMICAL PROPERTIES OF THE LEAF- 
TISSUE PLITIDS OF EGYPTIAN AND UPLAND COTTON. Jour. Agr. 

Research 32: 605-647, illus. 

(7) 

1927. PHYSIOLOGICAL DIFFERENCES IN VARIETIES. JouT. Heredity 18: 

277-279, illus. 

(8) 

1928. A POSSIBLE RELATIONSHIP BETWEEN SOIL SALINITY AND STAND 

IN COTTON. Jour. Agr. Research 37: 213-231, illup. 

(9) 

1929. THE CORRELATION BETWEEN THE BOIL SALINITY AND FLOWERING 

DATE IN COTTON. Jour. Agr. Research 38: 109-112. 

(10) Hoffman, C. T., and Hoffman, W. F. 

1925. sulphate content of the leaf-tissue fluids op EGYPTIAN 
AND UPLAND COTTON. Jour. Agr. Rescarch 31: 653 661. 

( 11 ) Hoffman, W, F., and Lawrence, J. V. 

1925. DIFFERENTIAL ABSORPTION OF ANIONS BY VARIETIES OF COTTON 

Soc. Expt. Bit)l. Med. Proc. 22: 350-352. 

( 12 ) Lawrence, J. V., and Lawrence, Z. W. 

1924. THE CHLORID CONTENT OF THE LEAP TISSUE FLUIDS OF EGYPTIAN 
AND UPLAND COTTON. Jour. Agf. Research 28: 695-704. 

( 13 ) Hoffman, W. F., Sinclair, W, B., Johnson, A. H., and Evans, 

R. D. 

1926. THE LEAF-TISSUE FLUIDS OF EGYPTIAN COTTONS. Jour. Agr, Re- 

search (1925) 31: 1027-1033. 

(14) Keabney, T. H. 

1913. EGYPTIAN COTTON AS AFFECTED BY BOIL VABIATIONS. U. S. Dept. 
Agr., Bur. Plant Indus. Circ. 112: 17-24. 

( 15 ) and Means, T. H. 

1908. CBOPS USED IN THE BECLAMATION OP ALKALI LANDS IN EGYPT. 

U. S. Dept. Agr. Yearbook 1902: 673-588, illus. 



NOTES ON THE HISTOLOGY OF THE ALMOND ^ 

By V. A. Pkask 

Associate Microscopist^ Food Research Divisioriy Chemical and Technological Re- 
search^ Bureau of Chemistry and Soils, United States Department of Agriculture. 

INTRODUCTION 

In connection with a study of one of the technological pi'oblems 
involved in the salting of domestic almonds, some rather interesting 
data on the histology of the almond kernel or seed have been assem- 
bled. This material is presented here not only on account of its gen- 
eral interest to histologists, but because it may afford some assistance 
to the trade in developing a method for the deterrninination of types if 
not of varieties of shelled almonds as they appear in the open market. 

MATERIAL 

The material studied ^ consists of four varieties of domestic almonds 
and four varieties of imported almonds. The domestic almonds, 
Nonpareil, Ne Plus Ultra, I. X. L., and Drake, are among the leading 
varieties grown in California, and the imported nuts, Etna, Marcona, 
Valencia, and Alicante, originally brought from Italy and Spain, are 
largely used by bakei*s and confectioners. The domestic nuts are 
paper and soft shelled, while the imported nuts are standard and 
Jiard shelled. On the basis of the hardness of the shell, these samples 
would be classed as follows:'^ 


f 1. X. L. 

Paper Ne Plus Ultra. 

[ Nonpareil. 

Soft , _ - Drake. 

Standard . Marcona. 

{ Valencia. 

Etna. 

Alicante (?). 


The almond fruit is a typical drupe; that is, it consists of a single 
seed surrounded by a stony endocarp \\hich forms the shell, a fleshy 
mesocarp, and an outer skin or epicarp. The mesocarp is tough and 
leathery and, witli its y)rotecting epicarp, splits away from the endo- 
carp al maturity. The difference between hard and soft shelled 
almonds lies in the difference in texture of the endocarp. The shelled 
almond, or kernel, (*onsists of the embryo, surrounded by the modified 
tissues of the ovule. The embryo itself is made up of a small, pointed 
radicle, a delicate plumule, and tw’^o straight masvsive cotyledons whose 
cells are closely packed with reserve food material in the form of oil 
droplets and protein granules. The surrounding tissues consist of 
the remnants of the endosperm and nucellus, and the integuments. 

* lioceived for publication July 29, 1930, issued December, 1930. 

* This material was furnished by the California Almond Growers’ Exchange to whom the writer is 
greatly indebted. 

> Based on General Information on Almonds, Foodstuffs Division, Bureau of Foreign and Domestic Com- 
merce, U. S. l^epartment of Commerce, 1920. fMimeogrpphod.l 
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REVIEW OF LITERATURE 

Karljr work on the structure of the almond was done with a view 
to distinguishing microscopically^ between the kernels of almonds and 
such related seeds as peaches, apricots, and plums, which were being 
substituted for almonds, both in almond paste and in the expressing 
of the oil. Early workers on the microscopy of the almond seed 
agreed that there were no differences in structure between bitter 
and sweet almonds (f).^ The question of a difference between hard 
and soft shelled almonds seems not to have been raised until Young 
(13) contrasted them. His opening statement, however, is, ^^Tho 
bitter almond and the hard and soft or paper shelled varieties of the 
sweet almond all belong to one species and are hence veiy similar in 
structure. Young’s work is the most detailed histological study of 
the almond published in English. Meyer (6) gives a careful descrip- 
tion of the development of the seed from fertilization to maturity, 
with a discussion of the various tissues in the ripened seed and seed 
coat. Tschirch (10) bases his discussion on the best of the earlier 
workers and adds several new points, especially along the line of 
microchemical tests for cell-wall substances. Kraemer (r5) offers 
probabl}^ the best summary in English of later foreign work, with 
well-executed line drawings, which are for the most part adaptations 
from other writers. Win ton (if) seems to be the only other American 
writer who has j)ublished work on this subject. 

METHOD 

Preliminary examination having shown that in all probability the 
greatest anatomical difl’erences between varieties or types of nuts 
were lo be found in the ‘^skin” or tissues surrounding the embryo, the 
structure of these tissues was worked out in some detail. Skins re- 
moved by blanching, or soaking for tvro or throe minutes in boiling 
water, were boiled in 2 per cent potassium hydroxide and allowed 
to stand overnight, or until shrunken tissues and ^^obliterated cells” 
were sufficiently swelled so that their shape, size, arrangement, and 
relationships could be determined. Following this treatment, the 
aleurone layer could be stripped from the inner surface of the testa, 
the epidermal stone cells or hjairs could be scraped from the outer 
surface with a dull scalpel, and the remaining tissues could be teased 
apart with needles or fine-pointed tweezers. Material was also 
embedded in paraffin, sectione<l 10 microns thick, and stained with 
sairanine and light green, using Land’s schedule as given by Chamber- 
lain (^). In addition to differentiating cellulose and lignin in the 
testa, this stain proved particularly satisfactory for the storage tissue 
of the cotyledons, the cell walls staining green and the protein granules 
bright red. Microchemical tests used were: For lignin, pWoroglu- 
cinol-hydrochloric acid; for cellulose, chlorzinciodide ; for cutin and 
oil, Sudan III; for tannin, ferric chloride; for protein, iodine in potas- 
sium iodide and the xanthoproteic reaction. 

THE SEED COAT 

The inner white layer stripped away from the brown or yellowish- 
brown testa after maceration in 2 per cent potassium hydroxide con- 

* Hef^rences made by number (italic) to literature Cited, p. 800. 
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gists almost entirely of aleurone and obliterated cells; that is, 
endosperm and nueellns or perispcnn. The aleurone. cells of the 
endosperm (fig. 1, A, 2, al) are thick walled, quadrilateral to hexagonal 



FHitTRT: 1.— Cross sections of Nonpareil almond. X 146 A, Testa and outer portion of cotyledon, 

1, InteRuments; o rp, Outer epidermis; p, flattened celh of parenchyma; r mi, vascular bundle; 
t epf inner epidermis; 2, nucellus and endosperm; n, obliterated tis.sue of nucellus, al, aleurone 
layer; 3, cotyledon: o ep, outer, or lower, epidermis; g, ground tissue with x^roteing ranules. B, 
Central portion of cotyledon* g, Ground tissue; b s, bundle sheath; r c, vascular bundle. C, 
Inner portion of cotyledon g, Ground tissue; i ep, inner, or upiier, epidermis 

in surface outline, usually somewhat elongated in the direction of the 
long axis of the seed, and without intercellular spaces. Each cell 
contains one or more large oil globules and numerous fine protein 
granules. The radicle is embedded in a mass of aleurone cells, but 
over the flat surface of the cotyledons the layer is usually one cell 
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thick, although it may be two or even three cells thick. The thick- 
ened areas may be due to tangential division of the cells, but in some 
instances they seem to be due to infoldings, the folds being parallel 
to the long axis of the seed. Individual aleurone cells vary in size 
and shape in different regions and in different varieties of nuts, but 
these differences are not significant in the determination of varieties. 
A thin layer of obliterated cells can sometimes be found between the 
two cotyledons or on the inner surface of the aleurone layer. This is 
composed of fragmentary traces of thin-walled endosperm tissue. It 
is especially evident in the chalazal region. Its presence between the 
cotvledons was first noted and figured by Hartwich (4). 

I'he perisperm or nucellus (fig. 1, A, 2, n) consists of obliterated 
tissue, in which the individual cells arc faintly visible after prolonged 
treatment with potassium hydroxide. They are very large, roughb^ 
150 by 400 microns, with extremely delicate colorless walls. The out- 
ermost layer or epidermis of the nucellus consists of narrow, elongated 
cells with faintly beaded walls, regularly arranged with their long 
diameters parallel with the long axis of the seed. They are approxi- 
mately 50 by 150 microns, although varying widely from these figures, 
which are the average of 125 measurements on four varieties, two 
domestic and two foreign. The variation in a single piece of tissue 
is often as great as in the different types of nuts. 

The testa, or outer portion of the seed coat, is of integumentary 
origin. It is this part of the almond and related seeds that has 
received most attention from students of histology. Several points 
in structural anatomy have not yet been cleared up, and this still 
remains a fertile field for study. 

The inner epidermis (fig. 1, A, 1, f ep) consists of sinall flat cells, 
roughly quadrilaterial in surface view, with finely sinuate walls. 
These cells appear to be cutinized on their outer surface, the layer of 
cutin separating* thorn from the extremely thin-walled epidermis of 
the nucellus. This interpretation is contrary to the opinion of 
Moeller and Thoms (S), who stat/O that the cutieularized membrane 
belongs to the inner tissues which lie in contact with the brown 
integumentary layer, but is in agreement with that of P6choutre (.9), 
who states that the inner epidermis of the seed coat is slightly thick- 
ened and cutinized. The cell content forms a solid platelikc mass, 
highly refractive, dark brown in color, and soluble in hot water and 
in 2 per cent potassium hydroxide, but insoluble in alcohol and ether. 

The body of the testa is made up of flattened parenchyma cells 
(fig. 1, A, 1 , p) separated into an inner and outer region. The inner 
region is made up of cells with colorless cellulose walls. The outer 
region consists of cells with lignified yellowish-brown walls. Between 
the two regions are the vascular bundles or veins (fig. 1, A, 1, ini) 
radiating from the chalaza and running practically parallel throughout 
the length of the seed to the micropylar tip. Along the veins are 
found rosette crystal aggregates of calcium oxalate, more abundant 
in hard-shelled types. The parenchyma cells of both the inner and 
outer regions when swelled in 2 per cent potassium hydroxide form a 
loose spongy tissue, the individual cells usually being in direct contact 
only by means of short blunt ijrocesses* Hence there is a large 
amount of intercellular space which is not apparent in the normal 
flattened condition of the cells in the ripened seed coat. The cells 
of the exterior subepidermal layers are much smaller, but are also 



Dec. 1 , 1930 Notes on the Histology of the Almond 793 

loosely arranged with nnich intercellular space. (Fig. 3, A, c.) The 
development of the integuments during the maturing of the seed has 
not been followed, and no statement appears in the literature con- 
sulted as to where the boundary between the two integuments lies. 
P6choutre/s sketches indicate that the tissues of the inner integument 
are more collapsed than those of the outer. It is natural to assume 
that the inner cells with cellulose walls are morphologically a part of 
the inner integument and the outer lignified cells are a part of the outer 
integument. 

The outer epidermal layer of the testa, which forms the surface of 
the seed, has been subjected to profound modification. Most of the 
cells are enormously enlarged, and in manv the walls are thickened 
and lignified. (Figs. 2, 3, and 4.®) The pnloroglucinol-hydrochloric 
acid reaction shows the distribution and relative abundance of the 
lignified cedis very clearly. (Fig. 4, B.) Those lignified epidermal 
cells have attracted the attention of histologists for many years. 
They' have been variously described as hair cells, barrel cells (Ton- 
nenzellon), or balloon cells (Kugelzellen), but are usually spoken of as 
stone cells. They are described by the early writers as egg-shaped or 
globular, though Young (13) figures extremely elongated cells, and 
Winton (11) states that they are commonly higher than broad and 
often elongated, like trichomes. In fact, there has been some discussion 
as to whether they are to be considered as epidermis or as trichomes.* 

The cell lumen is enipt 3 ^, but a thin protoplasmic layer is closely 
appressed to the inner surface of the cell w^all. This is apparently 
what Tschirch (10) considers an inner laj^cr of cell-wall substance, which 
he differentiates from the lignified portion of the wall. This layer 
gives a deep-blue reaction with ferric chloride, indicating the presence 
of tannin. 

The epidermal cells vary noticeably in size, shape, degree of ligni- 
fication, and distribution of lignified cells (figs. 2, 3, and 4), not only as 
between hard and soft shelled almonds, w hich has been noted by several 
writers, but also as between the varieties in either class, a fact which 
seems to have escaped the notice of earlier observers. In fact, Berg 
(1) states that there arc no differences in structure betw^een sw^eet and 
bitter almonds, the only difference between the tw^o being in the cell 
contents of the kernels. Young (13) devseribes and figures the stone 
cells of the epidermis of the integuments of hard-shelled almonds, but 
says that in soft-shelled almonds a few of the epidermal cells have 
thicker walls than others, suggesting the stone cells found in the epider- 
mis of the hard-shelled nut. Winton (11) agrees with Young. No 
varietal comparisons seem to have been made. 

Wittmack and Buchwald (12) seem to have observed only the lig- 
nified cells and describe them as forming a discontinuous layer in the 
ripe seed. Hannig (3) fii’st described the thin-walled nonlignified 
cells which are interspersed with the lignified cells, and remarked that 
they are sometimes found unaltered, but frequently are collapsed, and 
usually are completely crushed or altogether destroyed. This, he 
observed, gives tne lignified C0lls the appearance of standing out from 
the surface singly or in groups; hence the opinion of earlier writers 
that they are hairs. 


« The writer is greatly indebted to G. L. Keenan, microanalyst, Pood and Drug Administration, V. s 
Department of Agriculture, for assistance In the preparation of these figures. 
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Figure 3. — Etna almoudi A, Various types of ceils from the testa; a, Stone cells of outer epider- 
mis; 6. thln-walled c^s of outer epidermis; c. suhepidermal cells. B , A group of very large 
epidermal cells: a, Stone cells; 6, thin-w^led ceils. Macerated material, unstained. X M 
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Fiomis 4.— Etna almond. A, Epidermal stone cells, ov6r a vein, showing modified shapes. 
Macerated tissue, unstained. X 80. B, Surface view of testa: e, Stone cell; thin-walled cell. 
Stained with phloroglucinol-hydrochlorio acid. X 80 
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The present study shows that in the varieties examined thick- 
walled lignified cells occur in the epidermal layer of the- testa in both 
soft and hard shelled almonds. The lignified cells do not differ from 
the iinlignifiod in size or shape, and are distributed irregularly over 
the surface, being apparently more closely crowded and more elongated 
oyer the radicle, and especially along the base of the raphe. Over the 
veins, and especially along the raphe, they often assume bizarre shapes 
as if stretched by the increasing growth of the seed. Over the chalaza 
the colls are much smaller. 

The bases of the cells whore in contact with each other and with 
the subepiderinal layer are porous, the pores apparently connecting 
the cavities of adjacent cells. These pores arc simple and imbranched, 
and usually round, but they may be elliptical, and several may be 
ranged at irregular intervals along shallow crescentic or serpentine 
grooves in the cell wall. 

The free surface of the cell may be slightly domed or enormously 
extended, smooth on the outer surface and punctate or channeled 
on the inner. The elongated cells may l>e balloonlike, nipplelike, or 
beaked, and many of the individual cells are so large as to be plainly 
visible through a hand lens. Their rounded extremities give the 
roughened granular appearance to the shelled nut. 

Jn the vaiieties of soft-shelled almonds studied the walls of the ligni- 
fied cells are faintly colored a yellowish brown, and are thickened 
verv little ; the pores are comparatively few and aggregated in groups, 
ancl the inner surface of the outer wall is not punctate or ridged. 
(Fig. 2, A and B.) In all four varieties they give a very definite 
phloroglucinol-hydrochloric acid reaction. In the Nonpareil (fig. 2, 
A, 1), which appears smooth to the naked eye, the outer wall is only 
slightly domed, the depth of the cell being approximately equal to its 
diameter and averaging about 85 microns. In 1. X. L. and Drake 
(fig. 2, B) the cells average approximately 130 microns in height and 
100 microns in diameter, although cells were found more than 450 
micTons in height or diameter, such cells being easily visible wdth a 
hand lens. In Ne Plus Ultra the cells average approximately 175 
microns in height and 135 microns in diameter, some cells measuring 
more than 450 microns. 

In the hard -shelled almonds the lignified cells have heavily thickened 
w^alls, especially the free outer walls, which show stratification in all 
varieties when swelled in 2 per cent potassium hydroxide. They are 
strongly colored brown or yellowish brown. The Marcona (fig. 2, 
C) has the smallest cells measured, averaging approximately 130 
microns in height and 75 microns in diameter, although reaching to 
from 300 to 370 microns in some instances. In the Etna (figs. 3 and 
4) occurs the most marked elongation, the colls averaging approxi- 
mately 300 microns in height and 130 microns in diameter, some cells 
being 650 microns in height, some 500 microns in width. In Valencia 
the cells average approximately 240 microns in height and 130 
microns in diameter, with some cells exceeding 500 microns in either 
height or diameter. In Alicante the average measurements approxi- 
mate 150 microns for height and 100 xnicrons for diameter, although 
an occasional cell reaches 430 microns in height or 650 microns m 
diameter, the greatest diameter measured in any of the varieties. 
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In other words, the ratio of height to width in the four varieties 
of soft-shelled almonds averages 5 : 4 , whereas in the four varieties of 
hard-shelled almonds the average ratio is 2 : 1 . It must be borne in 
mind that extremes in height and diameter are not necessarily found 
in the same cell. Extremely elongated cells (fig. 3, B) may be found 
over any portion of the surface, with the exception of the chalaza, 
and they are especially abundant toward the apical end and along 
the margins of the raphe. Cells with the diameters stretched parallel 
to the long axis of the seed (fig. 4, A) are found immediately over the 
veins, and especially over the raphe. The averages given are based 
on at least 200 measurements for each variety. 

A comparison of figures obtained in this study with those given by 
earlier workers is of interest. Such a comparison is presented in 
Tables 1 and 2. 


Table 1. — Measurements of lignified cells of integuments of hard and soft shelled 

almonds 

DOAtESTIC ALMONDS, .SOFT SHEl.LEJ) 


1 


Height (m) 


Diameter (u) 


Variety 



- 







Minimum 

Maximum 

Average 

Minimum 

Maximum 

Average 

Nonpareil 

35 

1(53 

Ki 

.15 ' 

: 185 

87 

1. X. L 

43 

m 

13 J 

21 

! , 490 

97 

Drake 

28 

454 

131 

21 

440 

107 

Ne Plus Ultra 

21 

483 

177 

2S 

401 

130 

Avetflure 


i 

130 i 



100 

IMPORTED ALJ\ 

1 1 1 

40NDS, HARD SHF 

:lled 



Marcona «. 

35 1 

319 ! 

132 

14 ' 

3(59 ' 

75 

Etna 1 

57 

(553 i 

310 

21 

497 : 

133 

Valencia 

35 

547 1 

[ 241 

21 ' 

51(5 

132 

Alicante i 

43 i 

43.3 

1 153 

21 

653 r 

98 

AverasTR . . ^ 


1 

209 ' 



109 


1 





Table 2. — Measurements of lignified cells of integuments of almonds 


[Tuken fr >nj the literature] 


Author 


Year 


Wittniack & Buchwald 

J. Moeller (7) 

E. Hannig (fl) 

A. Tschirch {iO) 

W. J. Young (/.-¥)._ 

A. L. Wlnton (//) 

H. Kraemer {6) 


1(H)1 

ifior) 

Ittll 

1912 

1912 

191(1 

1928 


Height (m) j Diameter (m) 


Variety 1 

! Mini- 
1 mum 

Maxi- 

mum 

109 

159 

Aver- 1 Mini- 
age ! mum 

Maxi- 

mum 

84 

Aver- 

age 

!/ 90 

it 136 

Italian ; 

175 





} 69 

100 

If 64 

144 

(200) 

336 

} 33 



' 120 

136 i 
200 

I 


/Soft - i 



iHard-- i 

^0 



Hard 1 60 i 

400 

175 

jo6-f 


I 


70 I 

65 

100 

! 


.. _i_. J 
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Dec. 1, 1930 Notes on the Histology of the Almond 

THE EMBRYO 

In the dormant embryo of the ripened seed the massive cotyledons 
are usually flat and closely appressed, but an occasional seed is found 
in which one cotyledon is folded on itself longitudinally and the other 
is wrapped about it more or less completely. In most such cases 
the inner cotyledon is smaller, and it may be much underdeveloped 
or possibly even atrophied as a result of pressure from the surround- 
ing cotyledon, which has a distinct advantage so far as expansion due 
to growth is concerned. 

The cells of the ground tissue are fairly large and are packed with 
stored food material, each cell containing from one to several large 
protein granules and many small ones (fig. 1, A, B, and C, (7), in addi- 
tion to oil and soluble cai*boh3^drates. In some cases there appear to 
be areas of ph3^siological breakdown in otherwise normal cotyledons, 
the cells apj)earing empty and collapsed under the micrcscope. 

The s.vstem of venation is well developed, forming a network which 
is ver3" evident in longitudinal sections. The epiaermal cells of the 
inner and outer surfaces of the cotyledon, corresponding to the upper 
and lower surfaces of a leaf, respectively, are small and narrow, the 
long axis of the cell being parallel with the long axis of the cotyledon. 
The outer or lower epidermal cells are much smaller than the inner 
and upper ones. Young's photomicrograph (2) is apparently a sur- 
face view of the outer epidermis. The difference in size of the two 
epidermal la^^ers is well shown in Figure 1 , A, 3, 0 ep, and i\ / ep. This 
figure also shows the conti*ast in size between the cells of the epidermal 
layers and those of the ground tissue. The cell walls in all embryo 
cells are unmodified parenchyma and are extremely thin. Modifi- 
cations extend only to size, shape, and content, with the e.xception of 
the beginning of thickening in the tracheal tissue of the veins. 

SUMMARY AND CONCLUSIONS 

A com})arative stud.v of the histology of four varieties of domestic 
soft-shelled almonds and four imported hard-shelled varieties is 
reported. 

Evidence is presented to show that the chief difference between the 
two types of nuts lies in the structure of the cells of the outer epider- 
mis of the testa, or the surface of the seed coat. 

The modified epidermal cells of soft-shelled almonds are lignified, 
but only slightly as compared with those of hard-shelled almonds. 
They can therefore be considered as poorly developed stone cells. 

Careful measurements indicate that in addition to being heavier 
walled the stone cells of the seed coat of hard-shelled almonds are 
more elongated than those of soft-shelled almonds, the ratio of length 
to width in hard-shelled almonds being approximately 2 to 1 and in 
soft-shelled almonds 5 to 4, 

The importance of this study of the variation in the surface cells 
of the testa lies in the fact that with further examination and correla- 
tion of data it may be possible to develop an easily workable method 
for distinguishing the different varieties of almonds in the shelled con- 
dition, thus detecting or preventing misrepresentation or adulteration. 
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THE ASPERGILLI AND THEIR RELATION TO DECAY 

IN APPLES » 

By Glenn A. Hubek 2 

Fellow in Plaid Pathology ^ Washington Agricultural ExperiineiU Station 
INTRODUCTION 

For the past three jrears investigations have been in progress at 
the Agricultural Experiment Station of the State College of Wash- 
ington to determine the nature and identity of the fungi that cause 
decay of apples in cold storage. Many different organisms have 
been isolated and their pathogenicity determined by inoculation and 
reisolation. As a part of this work a study of the fungous flora of the 
normal apple has also been made. 

WASHING EXPERIMENTS 

In the investigation of the fungous flora of the normal apple the 
fruits used for washing were secured from the apple-growing districts 
of Wenatchee, Wash. Those used in 1927 were sorted and packed 
at Wenatchee and then shipped to Pullman, whei'e they were placed 
in cold storage. In 1928, however, the apples were wrapped in 
sterile wraps as soon as they were picked in order to prevent spores 
from collecting on them while they were going through the processes 
of sorting and packing. They were then carefully packed and shipped 
to Pullman and placed in cold storage. 

The apples were kept in cold storage until they were taken to the 
laboratory, where they were immediately washed. In order to pre- 
vent contamination in transferring the fruit from storage to the 
laboratory, each apple was handled in such a way as not to disturb 
the wraps. 

The walls and working table of the culture room were washed with 
IlgClo, 1-500, and the air was thoroughly atomized with a similar 
solution before the washing of each set of apples. 

Each apple was carefully unvrrapped and placed in a sterile damp 
chamber which contained 100 c. c. of sterile water. The lid of the damp 
chamber was raised only hi^h enough to permit the handling of the 
apple. The fruit was held firmly with sterile forceps and thoroughly 
scrubbed with a sterile, K-inch, stiff stencil brush for five minutes. 
Plates were made in triplicate with one-eighth, one-fourth, and one- 
half cubic centimeter, respectively, from the thorougUy agitated wash 
water by removing the suspension to sterile Petri dishes with 1 c. c. 
sterile pipettes, and then pouring the medium. The medium used was 
potato agar containing 2 per cent dextrose. To inhibit bacterial 
growth 1 drop of 25 per cent lactic acid vras added to each tube of 
medium before it was poured. The suspension and medium were 

1 Received for publication Sept. 28, 1929; issued December, 1930. Published with the approval of the 
director of the Washington Agricultural Experiment Station as Scientific Paper 160, College of Agriculture 
and Experiment Station, State College of Washington. 

* The writer wishes to express his indebtedness to Dr. F. D. Hoald, under whocs direction this study was 
made, for assistance and inspiration throughout the work; and to Dr. L. K. Jones for helpful suggestions 
from time to time during the progress of the work this past season. 
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thoroughly mixed by a circular motion and the plates allowed to 
harden. They were then incubated in the laboratory at ordinary 
room temperature, and after three days the number and the type of 
colonies were recorded. Isolations were made from the various 
colonies, and stock cultures of each were stored in the low-temperature 
chest for later identification. 

After several sets of apples had been washed, it was decided to 
find how many spores remained on the fruit after washing. Sartory 
and Fillassier ^ had found that a large number of spores remained on 
the surface of fruit after the first washing, but that the number was 
greatly reduced by a second washing and still further reduced by a 
third. 

After an apple had been thoroughly washed for five minutes, as 
described above, it was rinsed in sterile water and thoroughly washed 
a second time for five minutes in 100 c. c. sterile water as before. It 
was again rinsed in sterile water and washed a third time. The 
waters from the first, second, and third washings were plated out by 
the method described above and a count of the number of colonies 
produced from each washing was taken after three days^ incubation 
at room tenmerature. A number of apples (125 size) were tested in 
this way. The results of these tests are given in Table 1. 

The results here shown are very similar to those obtained by Sartory 
and Fillassier. All the spores were not removed by the first washing, 
but the number was greatly reduced by a second and a third washing. 

Table 1. — Number of spores (colony counts) per apple obtained in successive wash- 
ings of normal sound fruit 

[Apples l-(i, wrapped in orchard immediately after picking, apples 7-9, stmnge appl<*s] 


N umber of spores in — i j' Number of spores in — 


Apple 

No 

1 

First 1 Second 
washing ! washing 

Third 

washing 

1 

Total . A, . Total 

number ' number 

of spores ' Piist Second Third of .spores 

1 washing washing w^ashing 

k;::;-;:: 

3 

4 

5 

i 

108,300 29,000 

31,800 1,;{00 

66, 000 44, 600 

00, 300 37. 300 

108,000 32,000 

13.400 
1,000 

12.400 

14.400 
19, 100 

1.60,700 0 ! 11,100 2,200 700 14,000 

34,100 1 7. 138,400 82,700 13,200 234,300 

112,600 ;8 ' 140,700 82,000 42,900 271, 0(K) 

112,000 1 9 108,000 47,800 9,200 165,000 

159,100 1 


DESCRIPTION OF FORMS 

Thom and Church ^ have made a careful study of the AspeTgilli, 
and their nomenclature is followed in this paper. 

The cultures on which the following descriptions were based were 
incubated in the laboratory at room tempearture and observations 
were made throughout the entire growth of the colonies. Single- 
^ore cultures growing on Czapeks' solution agar® as described by 
Thom and Ohirrch were used in all cases. Some of the forms have 
been definitely assigned to a given species, while the identification of 
other forms is so uncertain that they have been placed in the nearest 
form groups. 


* Sartorv, a., and Fillassier, A, lbs fruits portburs db microbes. Corapt. Rend. Soc. Biol. [Paris] 
(Ann6e 61, t, 2) 6?: 446-447. 1909. 

* Thom. O., and Church, M. B. the asperqilu. 272 p.. Ulus. Baltiinore. 1926. 

« GzRpeks* solution agar; Water 1,000 c. c.; sodium nitrate 3 gm.; potassium phosphate ^sHPOi) 1 gm.; 
magnesium sulphate 0.5 gm.; potassium chloride 0.5 gm.; ferrous sulphate 0.01 gm.; sucrose 30 gm.; agar-agar 
16 gm. 
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Dec. 1 , 1930 Aspergilli and Their Relation to Decay in Apples 

All the forms were washed from iionnal Jonathan apples, Nos. 
1 to 5, from the 1927 crop and Nos. 6 to 11 from the 1928 crop, 

FORM NO. 1 

Form 1 (fig. 1) belongs to the Aspergillus ochraceus group, sulphu- 
reus series, but does not agree in all respects with any of the species 
described by Thom and Church. 

Colonies pale yellow, close to Naples yellow (Riclgway, PL XVI),® growth regu- 
lar; reverse at first white with yellowing center, becoming reddish brown in old 
cultures. Conidial heads globose, up to 200^ in diameter, mostly 160/i. Stalks 
rising from submerged hyphae, uj) to 1,500^ in length and up to in diameter, 
walls light yellow, pitted; vesicle globose, up to 60/i in diameter; sterlgmata in 
two series, primary sterigmata about twice as long as the secondary and closely 



Fjouhe J. ' Aspergillus form No. 1. Plate cultiiro on Czapeks’ .solution agar meubated at 20® C. 
for eight days (A), and iihotoniicrograph of u portion of a colony showing type of conidial heaiis 
(B). X fiO 


packed to form a radiate head; conidia globose to subglobosc, 2^ to 3.5 m in diam- 
eter. Perithecia not found, sclerotia purple, globose, up to 800m in diameter, 
single, scattered over entire colony. 

FORM NO. 2 

Form 2 (fig. 2) is oasil;^ placed in the Aspergillus tamarii group, and 
is practically identical with A, tamarii, 

Tlie vegetative hyphae are mostly aerial, white, and more or less cottony. 
The fruiting areas are pale yellow at first, soon becoming a deep yellow, then 
passing through the orange-yellows to a dark brown in old cultures; reverse 
cream colored at first, becoming light brown with age. Conidial heads more or 
less globose when young, soon becoming very loose, the conidial chains diverging 
in all directions, up to 600m in diameter with radiating chains or columns of co- 
nidia. Stalks apparently smooth, slightly pitted in some cases, up to 1,500m in 
length and up to 16m iu diameter; vesicles globose, up to 76m in diameter; sterig- 
mata one series, up to, .40 m long in larger heads and up to 4 m wide; conidia globose 
to pyriform, tuberculate, 4m to 6m in diameter. Perithecia none. Sclerotia none. 


• Ridqwav, R. color standards and color nomenclature, 43 p., iilus. Washington, D. C. 1912. 
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Figure 2 AspwfiiUus form No 2. Plate culture on C’zapeks’ solution agar incubated at 20® C. 
for eight days (A), and photomicrograph of a portion of a colony showing 1 ypo of cowuiinl heads 
(B). XflO 



PioiTRic 3.— Aspergillus form No. 3. Plate culture on Ciapeka’ solution agar incubated at 20® C, 
for eight days (A), and pbotomlorograph of a portion of a colony showing type of conidial beads 
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FORM NO. 3 

Form 3 (fif?. 3) is placed in the white-spored Aspergillus group, but 
further identification has not been made. 

Colony white at first, turning to a pale pink with a tinge of yellow around the 
edge in old cultures; reverse yellow fct> greenish orange. Conidial heads varying 
greatly in size and sliape in the same colon 5 % from hemispherical to columnar, 
stalks smooth, up to 250^t in length and up to fi^t in width, colorless, sparingly 
septate; vesicles more or less flask-shaped, fertile on upper Imlf only, up to Ifiju 
in diameter; conidia globose, 1.5/i by 2.5^ in diameter, smooth; sterigmata in two 
series, iirimary Sg to 12^ by 3m to 5m; secondary 4m to Am by 2m to 3m, compact. 
Perithecia none. Sclerotia none. 

FORM NO. 4 

Form 4 (fig. 4) is very closely rated to Afipergillus untus. 

Colonies fluffy or more or less cottony at first, turning brown in the center and 
spreading toward the edge as they grow older; reverse pale yellow at first, ])ecom- 



Fioure 4.— Aspergillus form No 4. Plate culture on Czapeks' solution agar incubated at 20® 
for eight days and photomicrograph of a portion of a colony showing type of conidial heads 
(B). X50 


ing deeper yellow to brownish yellow with age. Conidial heads loose, irregular, 
hemispherical, up to 100m in diameter. Stalks smooth, colored, rising from aerial 
hyphae, up to 300m by 5m to Sm- Vesicles developing from slight swellings of the 
stalk, through flask-shaped to more or less globose, up to 16m in diameter. 
Sterigmata in two series, semiradiate. Conidia globose, 3.5m to 4.5m, colored, 
spinulose. Perithecia none. Sclerotia none. 


FORM NO. 5 

Form 5 (fig. 5) belongs to the Aspergillus niger group, and because 
of the large variation within the species, may easily be classed as A, 
niger Van Tieg. 

Colonies blackish brown to black; reverse white, wrinkled. Conidial heads 
globose at first, up to 300m in diameter, usually splitting with age in two or more 
ways, forming radiating conidial columns; stalks rising from both submerged and 
aerial hyphae, up to 2.6 inm. in length and up to 20m Ir width, wails yellowish, 
3.6m to 4m thick, smodth, nonseptate; vesicles globose, up to 60m in diameter; 
conidia globose, 3.6m to 4m in diameter, colored, spinulose. Sterigmata in nne 
and two series, primary sterigmata up to 60m in length and up to 4m^ in width, 
secondary sterigmata up to 8 m by 2m or 3m» Perithecia none. Sclerotia none. 
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Figure 6 -- A'spergillus form No. fi. Plate culture on Tzapeks’ solution agar incubated at 20® C\ 
for eight days (A), and photomicrograph of a portion of a colony showing type* of conidtnl heads 
(11). XW 



Figure 6.— Aspergillus form No. 6. Plate culture on Czapeks’ solution agar incubated at 20® C. 
for eight days (A), and photomicrograph of a portion of a colony showing typo of conldial heads 
(B). X 50 
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FORM NO. 6 

Form 6 (fig. 6) is very closely related to Aspergillus sydonri (Bainier 
and Sariory) T. and C., and is perhaps identical with it.^ 

Colonies bliie-green, sometimes with age turning a more or less rusty color in 
the denser portions; surface convoluted; reverse at first orange, becoming deep 
red with age. Conidial heads loosely globose or radiate, up to IfiO/u in diameter. 
Stalks rising from more or less submerged hyphae except in center of colony, 
where they rise from aerial hyphae, up t() 500m by 8m, colorless, smooth, septate; 
vesicles globose to flask-shaped, up to 20m iu diaiiieter; stcrigmata radiate in two 
series, primary 4m to 8m by 2m to 3m, secondary 4m by 2m; sometimes in one series, 
6m to 10m hy 2m to 4m. Conidia gloV>ose, 2m to 3m iii diameter, spinulosc. Peri- 
tliecia none. Sclerotia none. 

FORM NO. 7 

Form 7 (fi^. 7) is perhaps identical with Aspergillus terreus Thom 
as described by Thom and Church. 



FrouRK 7.— Asperjfillus form No 7 Plato culture on Czapeks* solution agar incubated at 20® C. 
for eight days (A), and photomiCTograph of a portion of a colony showing type of conidial heads 
(B). XfK) 


Colonies light pink around the edges, deepening tow^ard the center becoming 
cinnamon-rufous brown (Ridgway,** PI. XIV), in old cultures. Conidial heads 
columnar, up to 300m long and up to 85m wide, densely crowded. Stalks short, 
up to 130m long and up to 8 m wide, rising from submerged hyphae, more or less 
flexuous, smooth, densely crow'ded. Vesicles more or less flask shaped, up to 18m 
in diameter. Stcrigmata in one or two series. Conidia globose, 2m to 3m, smooth. 
Perithecia none. Sclerotia none. 

FORM NO. 8 

Form 8 (fig. 8) belongs to the Aspergillus jumigaius group. Identi- 
fication was not carried farther because of the lack of perithecial 
production upon which further division might have been made (Thom 
and Church®). 

Colonies bluish green at first, turning to dark green with age; reverse yellowish 
green. Conidial heads columnar, comi>act, up to 300m long, mostly about 200m 
long, and up to 68m wide. Stalks rising from submerged hyphae, smooth, 
slightly colored, uonseptate, up to 500m long and up to 12m wide; vesicles flask- 


'•Thom, C.pandCHUBCH, M. B. Op. cit., p. 147-148. » Thom, O., and M, B. Op. cit. 

‘Ridoway, R. op. cit. 
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shaped, up to 2Qfi in diameter, fertile only on upper half; sterigmata in one series, 
6ix to 8 m by 2m to 3.5m, closely packed; oonidia globose, 2m to 4m in diameter spin- 
ulose. Perithecia none. Sclerotia none. 

FORM NO. 9 

Form 9 (fig. 9) may be referred very definitely to the Aspergillus 
glaucus group. 

Colonies light gray-green near edge, deepeniiig toward the center (glaucous- 
green, Ridgway, P. iXXIII) ; reverse cream colored; growth regular. Conidial 
heads loosely columnar, up to 250m in length, width varying greatly due to loose- 
ness of head, averaging 50m; conidial chains spreading and more or less tangled. 
Stalks rising from submerged hyphae, varying from a few to 160m long by 6m wide, 
smooth, septate, sometimes swelling toward the vesicle, and in a few cases, 
branching near the tip, thus producing two heads. Vesicles ranging in shape 
from slightly apical swellings of the stalks or flask-shaped to more or less globose; 



Figure 8.— Aspergillus form No. 8. Plate culture on Czapeks’ solution agar incubated at 20® C. 
for eight days (A), and photomicrograph of a portion of a colony showing type of conidial heads 


up to 16m in diameter, in many cases proliferating to form short secondary stalks 
with small heads. Sterigmata one series, short. Conidia globose, up to 4 m in 
diameter, smooth. Perithecia none. Sclerotia none. Chlamydospores num’erous. 

FORM NO. 10 

Form 10 (fig. 10) belongs to the Aspergillus nidulans group, and is 
perhaps identical with A, nidulans. 

Colonies green, edges irregular, yellow perithecia soon developing singly, scat- 
tered over entire .colony; reverse light brown at first, turning reddish brown. 
Conidial heads columnar, compact, up to 300m long and up to 60m wide; stalks 
smooth, more or less fiexuose, branched in some cases, yellowish brown, septate, 
up to 100m long and up to 8m wide; vesicles domelike swellings at end of conidio- 
phores, up to 16m in diameter; sterigmata in two series, primary up to 8m by 2m to 
3m, secondary up to 5m by 2m. Conidia globose 3.5m to 4.5m in diameter, spinulose. 
Perithecia up to 650m in diameter including the HfiUe cells, almost black; asci 
numerous, globose, 8 snored, 10m to 12m in diameter; ascospores globose to ellip- 
tical 3.5m to 4.6m. Sclerotia none. 


w Ridgway^’R. Op. clt. 1 
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FKiiiRE 9 --AsporKHlus form No 9 Plato oulturo on Tzapeks’ solution agar incubalod at 20® r. 
for oiglit (lays (A), a7i(1 pholomioio^rapb of u portion of a colony showing t>pe of coniciial heads 
(B). X m 



Figure lO.—AspergUlus form No. 10. Plate culture on CzapekwS* solution agar incubated at 20® 
O. for eight days (A), and photomicrograph of a portion of a colony showing type of eonidial heads 
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FORM NO. 11 

Form 11 (fig. 11) resembles Aspergillus sydomi (Bainier and Sartory) 
T. and C. in colony characteristics but differs somewhat in other 
respects. 

Colonies blue green, tending toward green with age; reverse light brown with 
brown center, becoming reddish brown with age. Conidial heads varying greatly, 
loosely hemispherical with radiating chains to very loosely columnar. Resembles 
Aspergillus sydowi as described by Thom and Church “ in reduced conidial 
apparatus frequent as small heads, pencillate clusters of branched sterigmata 
or short conidiophores or single branched sterigmata sessile on trailing hyphae. 
Stalks smooth, sparsely septate, rising mostly from submerged hyphae, up to 
bOOfx by up to 6/*. Vesicles more or less flask shaped, upper lialf fertile, up to 
15 m in diameter. Sterigmata in two series, primary and secondary nearly equal 



Figuee Ih— Asr»erKilUis form No. 11. Plate culture on Czapeks’ solution ajrar incubated at 20® 
C. for eight days (A), and photomicrograph of a portion of a colony showing typo of conidial heads 
(13). X50 


in size, up to 18m by up to 3m. Conidia globose, 3m to 4m in diameter, spinulose. 
Perithecia none. Sclerotia none. 

INOCULATION EXPERIMENTS 

To determine the pathogenicity of the various forms of Aspergilli 
described above a number of inoculation experiments were made. 
In these e^eriments Jonathan apples were used. The apples were 
packed in Wenatchee and shipped to Pullman, where they were kept 
m storage until used. All the apples were from the same lot and were 
as nearly alike in size and degree of maturity as could be secured. 

Brooks and Cooley state that the rapidity of i*otting depends 
greatly upon the variety and maturity of the fruit. The writer has 
also found this to be the case, particularly with the weaker organisms. 

Inoculations from single-spore cultures of the forms described above 
were made according to a method worked out by the author.^* The 

Thoh, O., and Ohukch, M. B. Op. cit., p. 148. 

u Bbooks. 0., and CootST, J. S. tsmpkratvkb relations or afpls-rot ruNoi. Jour. Agr. Research 

13!fikl64 iUus. 1917. 

G. A. A sucFLE METHOD or iNOCPLATtNO THE apple. Phytopathology 2D: 101-102. 193a 
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inoculated fruits were placed under various conditions of storage, and 
subsequent reisolations were made of the forms causing decay to 
establish their pathogenicity. 

Six apples were inoculated. Three inoculations were made in each 
with each of the 1 1 forms of Aspergillus and the fruits were placed in 
each of the 11 forms of Aspergillus and the fruits were placed in 
the cold-storage room, where the temperature was maintained at 
about 0® C. A second lot of apples, inoculated as above, was 
placed in the common storage room in which the temperature 
ranged from 10° to 12°; a third lot was placed in the plant pathology 
storeroom, in which the temperature ranged from 18° to 22° C. The 
rate of decay caused by the different forms at temperatures of 10° to 
12° and 18° to 22° is given in Table 2. The results here presented 
show that seven of the forms are capable, under favorable storage 
conditions, of causing decay when inoculated into sound apples. 
The pathogenicity of some of the forms is very weak, even under the 
most favorable storage conditions, while others develop rapid decaj^. 
That the rate of decay varies greatly in the different forms is seen m 
Figures 12 and 13. 

Under cold-storage conditions (about 0° C.) none of the forms of 
Aspergillus had caused decay by the end of 12 weeks, when the final 
examination was made. It is a well-known fact that species of 
Aspergillus are relatively high-temperature organisms; therefore it 
was not expected that decay would develop at such low temperatures. 
As a matter of fact, in the three years during which storage-rot 
investigations have been in progress at this station, no form of Asper- 
gillus has been cultured from more than a thousand isolations made 
from rots of cold-storage apples. Apples were inoculated with 
Aspergillus niger (form 5), which is the most rapid rot-producing 
form of Aspergillus, and incubated at 5° in the ice chest. At this 
t.emperat\ire also the organism failed to produce decay at the end of 
12 weeks. 


Table 2. — Rate of decay caused by forms of Aspergillus in apples in cominon 
storage and storeroom temperatures 



Kate of decay 

Kate of decay 

I 

Rate of decay 

Rate of decay 


at a temperatuie 

at a temperature 

1 

at a temperature 

at a temperature 


of 10° to 12° r. 

of 18° to 22° C. 

1 

of 10° to 12° C. 

of 18° to 22° C. 

Aspergillus 





Aspergillus 




font) No. 





form No. 



j 


Average ! Total 

Average 

Total 


Average 

Total 

Average \ Total 


decay 

decay 

decay 

decay 


decay 

decay 

decay decay 


per 

in 12 

per 

in 4 


per 

in 12 

per j in 4 


week 

weeks 

week 

weeks 


week 

weeks 

week ! weeks 

1 

(1) 

0) 

0 0 

3.6 

7 

0.088 

1 

0.925 ' 3.7 

2 

* 0. 07.5 

0.9 

. 35 

i.4 

8 

0) 

0) 

(0 ! 0) 

3 

(1) 

(0 

.35 

1.4 

9 


C) 

.4 1.6 

4_- 

(1) 

C) 

0) 

i (0 

10 - 

•> 


.45 1.8 

T) I 

258 

3. 1 

'‘is 

(») 

11 

? 

V) 

C) 1 (0 

fi 

(0 ; 

i 

C) 

C) 

1 C) 

1 1 



! 


* No decay. 

> The ^ures\represent the surface diameter of the rotted areas in centimeters, 
s Entire apple decayed. 

* Decay starting. 
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DESCRIPTION OF DECAY CAUSED BY FORMS OF ASPERGILLUS 

The following descriptions give the character and type of decay 
produced by the pathogenic forms. These were taken from decayed 
areas 1‘esiilting from inoculations made January 18, 1929, and incu- 
bated for one month at storeroom temperature ranging from 18® to 
22® C. 

Form No. 1. — The exk^rior of the decayed portion is a deep 
brown in color, showing a tendency to form concentric rings which 
in some cases become quite pronounced. (Fig. 13, A.) The decayed 
flesh is brown, firm, and moist, although it appears somewhat dry. 
The decayed area generally has the form of a slightly flattened cone, 
the diameter at the surface of the fruit exceeding the depth to which 
it penetrates. (Fig. 14, A.) 

Form No. 2.-~The surface of the decayed area is somewhat sunken, 
with two distinct zones. On light-colored apples, the inner zone is 

more or less reddish 
brown, while the outer 
zone is usually a light 
brown . On darker col- 
ored apples the outer 
zone becomes darker, 
and is a dark red in 
highly colored apples in 
contrast to tjie reddish 
brown inner zone. (Fig. 
13, B.) The decayed 
flesh is brown , very dry, 
and corky in appear- 
ance. The tissue is 
tough and has a some- 
what bitter taste. The 
organism advances into 
the tissue very irregu- 
larly; however, the de- 
cayed area has a more 
or less conical appear- 
ance. (Fig. 14, B.) 

Form No. 3. — This form produces a very peculiar type of rot. 
Thei'c is no sign of decay on the surface of the apple until the rot 
has advanced considerably within the flesh. At first it has the 
appearance of a water-soaked area, without definite shape. Later 
as the infected area enlarges it becomes light brown in color, although 
the edges still retain the water-soaked appearance and very irregular 
outline. (Fig. 13, C.) The affected tissue is light brown in color, firm, 
more or less moist, and subglobose in shape. The infection takes 
place at the bottom of the puncture and spreads more rapidly toward 
the interior than toward the exterior of the apple. (Fig. 15, A.) 

It was difficult to determine the rate at which the decay advanced 
with this form because of the peculiar type of development. Table 
2 shows the measurement of the decay when the final record was 
taken. 

Form No. 5. — This form causes a much more rapid decay than 
any of the others. The exterior of the decayed area shows a oistinct 
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zonation in a large majority of cases. (Fig. 12.) As the decay ad- 
vances, the original color of the ajiple disappears and the decayed 
area becomes very light in color with a pinkish cast. The pinkish 
coloration is much deeper in highly colored apples than in those with 
little color. The decayed tissue is extremely soft and watery, but 
there is no sign of the fungus on the imbroken epidermis over the 
decayed area. The decayed area is conical in shape, the point of the 
cone soon extendi^ to the core of the apple. (Fig. 16, B.) 

Foem No. 7. — The decay caused by this form is veiy similar to 
that caused by form 1. The exterior is brown with a slight tinge of 
^een, but it does not show the concentric rin^ that generally appear 
in form 1. (Fig. 13, D.) The decayed flesh is also brown with a 
light greenish cast. It is conical in shape, extending much deeper 



Figure 14.—Cross section of Jonathan apple showing type of decay caused hy Asparglllus forms 
No 1, (A), and No. 2 , (B) 


into the fruit in proportion to the diameter at the surface than the 
decay caused by form 1. (Fig. 16, A.) 

Foem No. 9. — The surface of the decay caused by this form is 
greenish brown. The margin of the decay fuses more or less with 
the healthy portion, giving no distinct line of separation between the 
two. (Fig;. 13, E.) The decayed flesh is brown, showing a greenish 
tinge. It is more or less dry and spongy. The decayed area is some- 
what conical in shape, tending toward subglobose in many cases. 
(Fig. 16, B.) . 

Foem No. 10. — The exterior of the decayed portion is brown in 
color, with a very distinct line of demarcation between healthy and 
decayed areas. (Fig. 13, F.) The decayed flesh b brown, diy, 
corky, and irregular m shape. (Fig. 17, A.) 
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FKiURp: 15 ’ Cross sect ion of Jonathan apple showing typo of decay caused by AsporgillUvS forms 

No 3 (A) and No 5 (B) < 



Figure 16.— Cross section of Jonathan apple showing type of decay caused by Aspergillus forms 
Ko,7(k) and No. 9(B) 
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TEMPERATURE RELATIONS OF ASPERGILLUS FORMS IN CULTURE 

Experiments were made to determine the temperature relations of 
the different forms of Aspergillus. Czapeks' solution agar was used 
as the culture medium. Fresh cultures of the forms wore made from 
single-spore stock cultures, that they might be in a thrifty growing 
condition before the plantings were made. 

OiLeach of two plates three plantings of each of the 11 forms were 
made and the plates were then placed in the cold-storage room 
(temperature 0® C.). Two more sets of plate cultures were made in 
the same manner. One set was placed in the common storage room 
(temperature 10° to 12°) and the other set was placed in the plant- 
pathology storeroom (temperature 18° to 22°). These conditions of 
incubation were the same as those under which the inoculation ex- 
periments were carried on. The rate of gi‘owth of the 11 forms at 
temperatures of 10° to 12° and 18° to 22° are given in Table 3. 



Fk.urk 17. -A, Oo.ss soclion of Jonathan apple showing type of clocay caused by Aspergillus form 
No. 10; B, Jonathan apple taken from cold storage showing mycelial growth in calyx end 


Table 3. — Comparative rate of growth of Aspergillus forms on Czapeks* ^solution 
agar in common storage and at storeroom temperatures 


Aspergillus 
form No. 

(Irowth in com- 
mon storage at a 
temperature of 
10® to 12® C. 

Growth at store- 
room temper- 
atures of 18® to 
22® 0. 

Asi>ergillus 
form No. 

Growth in com- 
mon storage at a 
temperature of 
10® to 12® r. 

Growth at st ore- 
room temper- 
atures of 18® to 
22® C. 

Average 
growth 
per day 

Total 
growth, 
24 days 

Average 
growth 
per day 

Total 

growth, 

8 days 

Average 
growth 
per day 

Total 
growth, 
24 days 

Average 
growth 
per day 

Total 
growth, 
8 days 

1 

» 0.104 

2.6 

0. 425 

3.4 

7-_ 

0. 083 

2.0 

0. 375 

3.0 

2 

.125 

3.0 

.4 

3.2 

8.. 

.062 

1.6 

,46;^ 

3.7 

.3 

.033 

.8 

.275 

2.2 

9 

. 141 

3.4 

.403 

3.7 



. 15 

3.6 

.4 

3.2 

10 

. 033 

.8 

.413 

3.3 

,«> 

. 166 

4.0 

.663 

4.6 


.158 

J 

1.4 

.213 

1.7 

6.-.: 

.062 

1.6 

.188 

L5 




t The figures represent the surfiiuie diameter ot the rotted areas iti centimeters. 
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At the end of four weeks no growth had appeared on the plantings 
kept at 0° C. The cidtures were then taken to the laboratory and 
held for several weeks. Growth was somewhat delayed in compari- 
son with that of cultures incubated at room temperature immediately 
after planting. 

All the forms made some grow'th at temperatures of 10° to 12° 0., 
although the growth was much less than that at 18° to 22°. Some 
forms grew much more slowly at common storage temperatures than 
other forms. This is particularly true of forms 3, 8, and 10. Forms 
2 and 4 developed much more rapidly at the lower temperatures than 
did the other forms. 

SUMMARY 

Apples washed in sterile water with sterile, stiff stencil brushes for 
five minutes, and the wash water plated out in potato-de.xtrose agar, 
yielded fj’om less than 1,000 up to more than 271,000 fungous colonies 
per apple. 

Eleven forms of Aspergillus which have been isolated from the 
surface (*f normal apples are described and placed in form groups. 

Seven of the eleven forms caused decay when inoculated into 
normal apph's. None of the forms caused decay under cold-storage 
conditions (0°C.). (Forms 2, 5, and 7 caused (iecay under common 
storageroom conditions at temperatures of 10° to 12°. ) Forms 1, 
2, 3, 5, 7, 0, aud 10 caused decay under storage conditions at tem- 
peratures of 18° to 22° 0. 

The types of decay caused by the different forms of Aspergillus 
vary greatly. Some forms cause firm and’ more or less moist rota, 
others dry and somewhat corky or leathery rots, while Aspergitlus 
tiiger (form 5) causes a very soft and w'atery rot. 

Th(^ forms of Aspergillus in culture developed more rapidly in 
storage at tejuperatures of 18° to 22° C’. than at temperatures of 10° 
to 12°. No giowth appeared in any of the forms in cold storage (0°). 




CHANGES IN THE PHOSPHORUS CONTENT OF GROWING 

MUNG BEANS ^ 


By James E. Webstek, Associate Professor^ and Claude Dalbom, Instructor, 
Department of Agricultural Chemistry Research, Oklahoma Agricultural Experi- 
ment Station 

INTRODUCTION 

As one phase of an investigation of the role of phosphorus in 
plants, a study was made of the variations in the content of certain 
forms of phosphorus which occur in the chief aerial organs of the 
mung bean (Phaseolus aureus) at different stages in its development. 
The study included plants gro\^n in the field and in test plots treated 
with superphosphate at the rate of 600 pounds per acre. It is believed 
that the figures here })rcsented will be of interest to workers in the 
field of plant chemistry, and that the data may be used to check the 
results secured from a study of this and other forage crops when 
grown under controlled conditions of nutrient supply. The phos- 
phorus content is of interest also in relation to the time of harvest, 
since it is thought that there is a phosphorus deficiency in feeds from 
certain sections and consequently it would be desirable to harvest 
the crop when the greatest phosphorus content could be secured. 

In a previous paper (<S’)^ from this station the phosphorus fraction- 
ation of the mung bean was given together with that of other seeds. 
Inorganic phosphonis was shown to be a relatively unimportant 
part of the total phosphorus in the bean, but in the present work 
with the green plant the inorganic changes were found to be most 
significant. Because of the color obtained in the solutions, it was 
impossible to use the iron titrimetric method for phytin; therefore, 
this determination has been omitted, and the chief comparison will be 
made between total, inorganic, and organic forms of phosphorus. 
Since the amounts of lipoid phosphorus are small, detailed figures arc 
not given but in their stead are shown the average of the percentages 
found on the various dates. 

WORK OF OTHER INVESTIGATORS 

Zlataroff (9) followed the changes in various forms of phosphorus 
in seedlings of the chickpea {Cicer arktinum) grown in water for 25 
days. During this time he found that the total and inorganic 
phosphorus increased, wliile lecithin, protein, and the soluble organic 
forms decreased. Not all of these changes continue as plants grow, 
however, as the present work will show. 

Andr6 (!) gives figures for phosphorus distribution at four stages 
in the growth of an annual plant, the poppy. From his analyses he 
finds that the maximum percentage of phosphorus occurs in roots, 
stems, and leaves at blossoming time and thereafter decreases. In 
the fruit phosphorus increases until the plant is nearly mature, after 
which the change is slight. 


» Reottived for publication Juno 24, 1930; Issued December, 1030. I'ublished with the permission of the 
director of the experiment station. 

* Reference is made by number (italic) to Literature Cited, p. 824. 
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Hartwell and Hammett (7) studied the effect of phosphorus 
manuring on turnips and found that while increasing the applications 
of phosphorus increased the total phosphorus twofold, it increased 
the inorganic phosphorus sixfold. 

Greaves and Hirst ( 4 ) studied the effect of irrigation on the relation 
between total and inorganic phosphonis in wheat, oats, barley, and 
corn. In all cases they found that the increase of total phosphorus, 
when the amount of water was increased, was chiefly organic in form. 
They also found that the percentage of inorganic phosphorus was low 
in these plants and did not vary greatly in different sections. 

MATERIALS AND METHODS 

The mung bean plants used in this work were grown during the 
summers of 1928 and 1929. The plants used for the biweekly 
samplings in 1928 wore selected from an unfertilized field of about 2 
acres, while those used in the fertilizer studies of 1929 were selected 
fi’om one-sixtieth-acre plots. All plants were sampled at approxi- 
mately 1.30 p. m., and samples large enough to give from 50 to 200 
gm. of dried material were used except in the case of the first few 
samplings, when a representative sample could be secured from less 
material. In no case were less than 10 plants collected for a sample, 
although in some of the later samplings when the plants were very 
large not all of the entire 10 plants were used for a sample. 

As soon as the samples were cut they were brought ill from the 
field, and the leaves, main stalk, and branches were separated and 
placed in trays in a hot-air drier. The drier was maintained at a 
temperature sufficient to dry the samples in eight hours and yet not 
injure the tissue by charring. After eight hours in the drier tlie sam- 
ples were placed in an oven maintained at 110® C\, and brought 
to uniform dryness. They were then ground to pass the fine-mesh 
screen of the Wiley mill. 

The total phosphorus determinations were made according to the 
directions of the Association of Official Agricultural Chemists (;?, 
p. 2, par. 6; p. 3, par, 10 A). 

Inorganic phosphorus was determined according to the directions of 
Collison (S), and while this method may have errors { 4 ) the results 
are comparative and probably closely approach the real values. 

For the estimation of lipoid phosphorus the microcolorimetric 
method of Guerrant {5) was used. The following modifications, 
however, were made to secure better results (6*). Two-gram samples 
of dried material were extracted with 80 c. c. of the alcohol-ether 
mixture by shaking for 15 minutes and digesting at 30® C. for two 
hours, filtering, and making up to 100 c. c. Ten cubic centimeters 
wore used for each determination. 

The figures for organic phosphorus represent the difference between 
the total and the inorganic phosphorus. 

Ether extract was secured by extracting dried samples with anhy- 
drous ether in a drip extractor until constant in weight. Even with 
this procedure it was impossible to secure consistent results with the 
leaves. 

; Moisture and ash were determined in the conventional manner. 
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DATA AND DISCUSSION 

Table 1 showB the seasonal distribution of phosphorus in the 
forms for which analyses were made and the ratio of organic to total 
phosphorus. This ratio is of value in that it shows how^ the phos- 
phorus is being utilized and gives some indication as to the seat of 
active phosphorus changes. 

One of the most interesting facts shown in the table is that, with 
the exception of the third and fourth samplings, when growth was most 
active, the amounts of inorganic phosphorus are relatively constant, 
especially so when the marked decreases in other forms of phosphorus 
are noted. 


Table 1. — Phoaphorus distrihution in mung beans grown in the field, 1028. 
ffVrceiitages based on dry matter] 

LEWES 


Chosphorus j ilatio of 


Date 

Moisture 

Ash 

Ether 


' 



iriorKanic 
to total 

1 Phos- 
phorus 

CM met 

Tf)tJd 

InrirKtinicl 

Orcnnic | 

Lipoid 


Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

1 

Per ce7}t i 

Per cent 


.Tiino li) 

77 74 

12 4(» 

1.07 

0 327 

0.030 

0 288 1 


0 12 

.Inne 20 

81 00 

11 24 

1. 08 

.492 

010 

4.^.2 ■ 


.08 

July 5 

78 33 

10 77 

.80 

V4 

. 000 
0.'S7 ' 

. 388 ' 

0 01 1 

.14 

Julv 17 

77 33 j 

10 00 

1.08 . 

.308 

.2.'d 


. 18 

.Iul> 30 

77 07 

10 03 1 

.74 '■ 

.201 1 

.IHH . 

.213 I 


18 

Auk. 13 « 

74 30 

10 4.3 ' 

. 70 i 

. 202 

. 043 

l.V) 1 


.21 

Auk 2H 

74 2'. ! 

! 10 07 : 

1 78 i 

.204 ; 

.038 ' 

.100 1 

.01 

. 19 

Hopt 11* .. . . 

71 07 1 

1 9 32 

2 12 

. 122 ; 

. 030 

.092 1 

. 2.’i 

Sept 24'= . 

Oct. 17 

r.o 00 1 

10 1 

1 02 1 

120 I 

1 .034 , 

.080 J 


.28 

i 

1 


1 




1 


niUNCUES 


June 20 , . 

i 1 

j 90 0 . 

13 91 ; 

1 79 

0 311 

0 074 

0. 2<.l 


0. 17 

Julv .*> 


10 48 ' 

J 70 

.288 

Ofll 

.227 

0 01 1 , 

.21 

Julv 17 

' 83 7 1 

8 89 1 

1 47 

. 2.'.0 i 

. DM) 

. IflO > 

. 37) 

Ju!> 30 , 

1 84 3 i 

7.92 , 

I 28 1 

. 197 . 

009 

. 128 ' 


. 37) 

Auk. 13 

80 1 

.’>..^3 ; 

1 98 

140 ! 

.070 

' . 090 1 


.34 

Aug. 28 

83 4 ' 

.'..33 i 

1. 10 

, 103 : 

.Of.7 

! . 09(, 


.41 

Sept 11 

1 72 3 ! 

4 ir. 

1 10 

. OO.I 

070 

I .037,, 

.009 

. 7)9 

Sept. 24 

' <19. 1 , 

3 8.^ 1 

93 

.099 i 
.094 ! 

. 07.3 

1 . two 


.14 

Oct 17 

1 70 0 1 

3 70 i 

1. 19 ■ 

. Ml 

* . 07,3 J 


.44 


I 


STEMS 


June 15 

85.0 j 

14. 95 

2.58 i 

0.404 ' 

0. 010 

0.348 1 


0. 14 

June 20 

90.0 

12.08 

2, 20 , 

.431 

.068 

.:K)3 


. 10 

July 7) 

88. 3 

7. 21 

1.85 ! 

.373 , 

.097 

.276 

0,01 

.20 

July 17 

84 3 

5. 14 

1. 19 1 

. 210 , 

.093 i 

.117 

1 

.44 

July 30...- 

82,3 

5.09 

.90 1 

. 141 , 

. 07)5 

.080 J 


.39 

Aug. 13. 

80. 27) 

3. 80 

.94 : 

. 128 1 

. 055 

. 073 ,] 


.47 

Aug. 28. 

72.0 

3. 55 

.9.1 1 

. U)2 

.002 

.040 

! 

.61 

Sept. 11 

70. 14 

3 02 

.72 , 

.009 1 

.061 

.008 1 

.009 1 

.88 

Sept. 24 

70. 61 

3.27 

.01 I 

.073 1 

. 053 

.020 


.73 

Oct. 17 

i 

09. 70 

3.25 

.71 1 

.074 

.041 

.033 1 

1 

, 55 


SEEDS AND PODS 


Aug 13 

83.0 

5.88 

1.00 

Aug. 28 

64.56 

5.01 

.81 

Sept. 11 

60.0 

4.98 

.46 

Sept. 24 

24.46 

4. 53 

.8.3 

Oct. 17 

29.05 

4.65 

.67 


0. 497 

0.070 

1 

0.427 1) 

0.14 

.391 

.050 

.341 M 

.13 

. 417> 

. 058 

.357 {> .013 

.14 

. 365 

.058 

.307 

.16 

.379 

.046 

.333 ) 

.12 


• Pods find beans well formed but still green. 
^ Leaves breaking down. 

• Many leaves fallen; others yellow. 
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The ash determinations are included in the tables to show the 
relation of total phosphorus to the other mineral elements. In Table 
1 it will be rioted that the ash content of the leaves falls only about 
20 per cent of its value from the June 26 sampling until the last 
sampling, while the decrease in total phosphorus for the same period 
was 75 per cent. The reason for this is not apparent, although it was 
noted when digesting the samples for total phosphorus that there was 
much more silica in the leaves than in the other organs. This fact 
may in part be accounted for by the smaller ash content of the other 
organs, but even this would not seem to account for the entire differ- 
ence. It was expected when this study was started that a much larger 
percentage of lipoid phosphorus would be found in the leaves than in 
other organs, but such is not the case. Since percentages of this 
form arc small and only slight changes occur during the life cycle of 
the plant, individual figures are not given; instead, the average figure 
for the early stages and the average for the late stages of growth are 
given except in the case of the seeds and pods, where a single average 
is shown. 

Another notable fact which is in accord with the idea that the leaf 
is the seat of synthetic processes in plant metabolism is shown by the 
relatively large fraction of the leaf phosphorus that is present in some 
organic form. Since the lipoid form does not account for a large per- 
centage of the whole, it is unfortunate that we do not, in these analy- 
ses, have a direct measure of the phosphoproteins of the leaf. Cer- 
tainly it is true that as long as the leaves are green, organic phos- 
phorus forms constitute the major fraction. The discrepancies shown 
in the August 13 sampling can probably be explained by assuming 
a sampling error, since the inequalities run through each analysis at 
that time. 

As would be expected, the values for phosphorus in the stems and 
branches are similar (Table 1), and show a considerably greater pro- 
portion of the total phosphorus in the inorganic form than is found in 
the leaves. This relationship of the inorganic phosphorus seems to be 
rather directly related to the type of tissue. The greater the growth 
activity, the less inorganic phosphorus there is present. Certainly 
there is no evidence of a transfer of phosphorus from the leaves or 
branches to the stems. This would seem to indicate a progressive 
movement to the leaves, since the <Jecrease is least there if the last two 
samplings made when the leaves had begun to disintegrate are omitted. 
It is particularly notable that in the case of stalks and branches the 
decrease in phosphorus is in much the same ratio as the chaiiges in 
ash content. This fact may be taken as further evidence in favor of 
the view that the localization of phosphorus is the result of the normal 
intake of mineral elements and is not due to particular metabolic 
processes. 

Only slight changes occur in the various forms of phosphorus as the 
plant ages. (Table 1 . ) This may be due in part, at least, to the great 
rapidity with which the pods ripen. Since the phosphorus content 
of the plant varies so little at this stage, a difference of two or three 
weeks m time of harvesting the beans should not appreciably affect 
their value as feed. 

, Table 2 shows a comparison between the phosphorus distribution 
of plants ^own in an unfertilized field (check) and those grown on 
plots fertilized at the rate of 600 pounds of superphosphate per acre. 
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In addition to the results reported in this table analyses were made of 
plants variously fertilized with nitrogen and potassium fertilizers. 
The results of these analyses are not given since they would not 
significantly alter the percentages of phosphorus here shown. 

Perhaps the most important fact brought out in Table 2 is that the 
use of this high phosphorus fertilizer did not increase the amount of 
total phosphorus in the plants so fertilized appreciably above that in 
the plants grown in the checks, except in the (‘ase of the leaves and 
of the pods and seeds in the late sampling. The season was very dry, 
however, and this may in part account for the fact that the differences 
were so small. There was little difference in the appearance of the 
plots or in the amount of growth. It was supposed that the addition 
of the fertilizer would increase the inorganic phosphorus in the plant, 
but, as the figures show, the increase is only in the late sampling and 
the amount of it is small. 


Tablk 2 . — Phofiphorua distrihuiion in mung beans grown, on checks and plots 
fertilized with 600 pounds superphosphate 
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SUMMARY 

A study was made of the phosphorus content of the various aerial 
organs of the mung bean as the plant grew to maturity. One set of 
analyses involved the use of plants grown in an imfertilized field 
and the other that of plants grown on plots fertilized at the rate of 
600 pounds of superphosphate per acre. The determinations for 
certam phosphorus fractions, ether extract, and ash content are 
shown. 

A most interesting finding is the relatively small change that takes 
place in the amount of inorganic phosphorus present in any one 
organ. In fact the amount of inorganic phosphorus in any organ is 
relatively constant except when the plant is small, and apparently 
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K oriis as taken into the plant is metabolized to organic forms 
age. 

In the green plant lipoid phosphorus constitutes only a small 
fraction of the whole and varies little at different stages in the growth 
of the plant. Apparently it is not a storage form of phosphorus in 
green plants. 

At about the usual harvest time there is only a slight change in 
the total phosphorus content, so that differences of two or three 
weeks would make only negligible changes in the phosphorus feeding 
value. 

On the basis of quantities present there is no evidence that phos- 
phorus is transferred from the leaves and branches to the stems, and 
it is assumed that the localization of phosphorus follows the normal 
ash intake and is not the result of metabolic activities. 
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STUDIES ON BACTERIAL CANKER OF TOMATO ' 

By Mary- K. Bryan 

Associata Pathologist, Office of Horticultural Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Bacterial canker of tomatoes was first described by E. F. Smith i^4y 
in 1909. He cultured the causal organism, which he named Aplano- 
bacter michtganen^^e, proved its pathogenicity, and made seme cultural 
studies of the organism and histological studies of diseased plants {25, 
26). He called the disease Grand Rapids disease of tomatoes, from 
the location whei*e it was first found, but in his textbook {26) he 
renamed it bacterial canker of tomatoes. Doidge {11) in the same 
year used the name tomato canker for another disease occurring in 
South Africa. (Jardner and Kendrick {14) have identified this South 
African disease with the bacterial spot of tomato and pepper occurring 
in the United States, caused h\ Bacterium. reHUHiiorium] and the name 
'‘bacterial spot ” used by them is commonly accepted for this disease 
in the United States. Kotte {16) suggests that bacterial wilt would be 
a better name than bacterial canker, since the'cracks on the steins are 
not. true cankers; but the existence of another bacterial wilt, caused 
by Bact. f^oUinaceamm , and the identification of a cankerlike fruit spot 
with the disease caused by ^1. michlgayienf^e make this name undesir- 
able. It seems justifiable, therefore, to retain the name bacterial 
canker for the disease caused by A. 7nichiganense. 

A circular and several notes on bacterial canker have been ])ublishod 
by the writer {4, 5, 6, 7, 8). The present i)aper gives in more detail 
the results of recent studies. 


GEOGRAPHICAL DISTRIBUTION 

Bacterial canker is a serious menace to both field and hothouse 
tomatoes. First described from Michigan in 1909, the disease was 
later reported from New York, Massachusetts, Pennsylvania, Con- 
necticut, New Jersey, Ohio, and Illinois; but until 1927 it was not 
known outside of this northern group of States. A severe outbreak 
occurred in large commercial fimds in New Y^ork in 1926 {15), In 
1927 the disease was reported from Georgia, Utah, ^ and Montana; 
in 1928, from Washington {21, p, 23), California, and Wisconsin; and 
in 1929 it appeared in Indiana, Mississippi, and Maryland, and more 
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widely than before in California (20). Since the fruit spot caused by 
Aplanohacter michiganense was observed as early as 1917 but was not 
identified with this disease and was later confused with the bacterial 
spot caused by Bacterium vesicatoriumy the distribution is probably 
wider than here recorded. Certainly Iowa must be included on the 
evidence of a photograph bv Pritchard (unpublished) of typical spot- 
ted fruit from Muscatine, fowa, in 1917. 

Bacterial canker has been reported from several foreign countries. 
I^eglion (22) in 1915 reported a disease occurring in Italy which he 
considered identical with bacterial canker. McLarty (18, 19) noted 
its occurrence in British Columbia in 1925 and 1926. In 1928 Bisby 
and Conners (2) found it in Manitoba. Its first appearance in Ger- 
many has just been reported by Kotte (16). A disease said to resemble 
this disease more than the one caused by Bacterium solanacearum was 
reported as occurring in an Australian greenhouse (23) in 1925, but 
no cultures were made. The statement that the plants recovered with 
the onset of waimer weather makes its identity doubtful. 

ECONOMIC IMPORTANCE 

The widespread occurrence of bacterial canker and the fact that it is 
seed borne and is able to overwdntcr in the soil under some conditions, 
together with its very destructive nature, make this one of the most 
serious tomato diseases known. Field losses range from a trace to 
100 per cent in individual fields. In many cases at the time when the 
crop should be in bearing there are very few living plants loft in a 
field. (Fig. 1.) Such destructive outbreaks have occurred in Michi- 
l^an, New York, Georgia, and Utah in large commercial plantings, and 
in smaller acreages in many other places. Fruit spot has caused losses 
of 25 to 75 per cent of the otherwise marketable crop in some fields in 
Georgia and Mississippi. 

HOSTS 

In the field the disease has been found only on tomato, although 
Smith (25) reported its spread to a spiny Porto Rican weed, Solanum. 
mammosum, in the greenhouse. Repeated inoculations have failed to 
produce any infection on potatoes, eggplants, or peppers of either 
sweet or Cayenne varieties, or on the common solanaceous weeds 
Fhysalis sp. and Datura straynonium. On the other hand, no variety 
of tomato tested has been found resistant. The varieties tested 
include Marglobe, Marvelosa, Norton, Earliana, John Baer, Greater 
Baltimore, Bonny Best, Chalks Jewel, Stone, Globe, Red Pear, 
Walter Richards, Gulf State Market, Crystal Springs Market, 

EXPLANATOUY LEGENP FOR PLATE 1 

A. — Longitudinal seetion of an infected stem. Early stage showing the yellow or cream-colored Infected 
areas. Note the extensive invasion of the base of the petiole. 

B. — Cross sections of bases of petioles. 1, normal; 2, early infected; 3, late stage of infection, with cavities. 

<\"*-r^aflet showing leaf spots in .several stages. 

n.— Portion of leaf showing a streak on the rachis running out on a petiolule. Leaflets on the opposite 
side were healthy, 

E. — Section of an infected stem at a later stage. Extensive invasion of the pith with cavities and darker 
color. 

F. — Bird's-eye spots on green fruit. 

O.— Streaks on a stem, running out onto petioles and beginning to crack open. 

H.— Systemioally infected fruit. Bacteria have flooded out frdxn the vaaoular strands, meking them 
appear broader than when fleshly outt 
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Ignotum, and a variety of the potato-leaf typo. Kotte (Id) reports 
Tuckswood, Triumph, and Lucullus as susceptible varieties. 

PHASES OF THE DISEASE 

Bacterial canker has two serious phases. The primary phase is a 
systemic infection which causes the gradual wilting and death of the 
plant and infection of the seed through the vascular system; and the 
sc(‘.ondary pliaso is a fruit spot w’hich, although superficial, renders 
unsightly a large percentage of otherwise marketable fruit. 

SYSTEMIC INFECTION 
Effect on the Plant 

The ])lant may go down at any stage, from seedling to the mature 
plant with a set of fruit. The disease usually jirogresses rapidly, but 



Fiourk 1. — Tomato field in Georgia, vacant places caused by bacterial canker 


several cases of recovery from early s 3 uuptoms have been observed. 
Plants in the field may die before branching or setting fruit. Plants 
that have attained branching size show decided stunting of one or 
more branches, often with a thickening of the shortened internodes. 
(Fig. 2.) Light-colored streaks, sometimes becoming dark, anpear 
on the stems, extending along one or more internodes or up the lower 
side of petioles or peduncles. (PI. 1, G; figs. 3 and 4.) Narrower 
streaks also appear on the upper side of the rachis (pi. 1, D), and on 
the midribs and veins of the leaflets. These streaks, which follow 
the line of heavy infection in the cortex, crack open at intervals, 
forming cankers. (Figs. 3, 5, and 6.) The cankers on midribs and 
veins, though inconspicuous, are very common and from field evidence 
appear to cause more secondary infections than do the larger cankers 
on the stems. 

1- One of the earliest symptoms, more noticeable on staked than on 
unstaked plants, is a turning downward of the lower leaves, ac- 
companied by curling of the leaflets. An irregular wilting and 
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shriveling of the leaflets follows. When, as is very common, the 
infection runs on one side only of the petiole and midrib, a distortion 
of the leaf results, the leaflets on one side remaining healthy, while 
those on the other side die. (Fig. 3.) The petioles do not wilt while 
the leaflets are wilting and shriveling, but they may turn down- 
ward. The topmost leaves remain turgid until infection reaches 



Fiouke 2.— Tomato plant diseased with bacterial canker, showing stunting and thickening of stem 

and irregular wilting 


them, although in hot, dry weather wilting of the top has been ob- 
served; and at times, in the case of very severe infection, a general 
wilting of the plant occurs when only the lowest leaves show other 
symptoms. 

In Mississippi, following extremely rapid, succulent CTOwth due 
to abundant rain after drought, the first symptom on the leaflets was 
the appearance of sharply outlined pale-green spots of collapsed tissue 
lying between veins, often following the midrib. These areas, 
which sometimes were more than 1 centimeter wide by several centi- 
meters long, later became gray as the leaflets wilted. 
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During the very wet weatlier oecurriug in (reorgiii in May 1928 
unusual symptoms were observed in many of the Very succulent 
plants that wei-e succumbing to the disease. Externally the ymmo-er 
parts of infected stems had a clear, W'^ater-soaked appearance; and 



Figukk 3.— Leaf showing Infeution on one side only. Streaks and cankers on the rachis ancT the 
midrib of the terminal leaflet 


these, as well as adjacent infected petioles, were wattu-soaked inside 
instead of being mealy as infected tissues usually are. They showed 
the typical yellow color. This was the only time that such a condition 
was observed. 

When a diseased stem is cut lengthwise the path of the disease is 
found to be very clearb' marked by a line of creamy white, yelloiv, 
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FKiiTRE 4. — Streaks otj stems and i)etloles. Note the of the stern lu A 

anti irregular surface in H over bailly clisintegrated tissues 



FiQVRfi 5.-»Bacterial cankers on tomatoes: A, Canker on raohls, running out on a petlolole; 
B and C, cankers on stems 
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or reddish lirown, just- inside the woody cylinder (pi. 1 , A and E), tlie 
reddish-brown color appearing in advanced sta^(»s. Alon^ this line 
the pith cyliiKhu* is easily separated from th(‘ xylein. The discolora- 
tion is most conspicuous in the upper part of the plant where the 
bacteria have spread 
from the inner vessels 
of the wood to the xnore 
succulent phloem, pith, 
and cortex. Cavities of 
j^reater or less extent 
arc formed in these 
areas. (Fi^. 7.) The 
])ith is often completely 
d isorgan ized . The base 
of the petiole is espe- 
cially susceptible and a 
cross section taken at 
this point is the easiest 
method of diagnosing 
the disease. Creamy 
white to yellow, mealy- 
looking areas in the pith 
or cortex, sometimes 
with cavities and in late 
stages with the red- 
brown tinge (pi. 1, A, B, 
and E), are clear evi- 
dence of bacterial 
canker. 

Sometimes the root, 
especially the pith, is 
com pie tely invaded ; 
more often it shows 
veiy slight symptoms 
easily overlooked by 
the naked eye, but visi- 
ble under a hand lens 
even wdien infection has 
taken place from in- 
fected soil through the 
roots; or it may be 
entirely free from infection. A slightly discolored line in the pith 
adjacent to the xylem is often the only sign of infection. 

Effect on the Fruit 

• 

Infection passes from the stem into the fruit through the vascular 
system and may be traced by the yellow infected veins directly to 
the seeds. (PI.' 1, Jl.) The infection spreads also into the tissues of 
the placenta and the fleshy covering of the seeds. In the hothouse 
overripe, heavily infected fruit has occasionally been observed of 
which the whole interior was disorganized and liquefied while the 
skin remained intact. Poured plates made from material removed 
aseptically from the interior of such a fruit gave pure cultures of 
Aplanobacter michiganense. Fruits infected when veiy yoimg are 



Figure C,— Old cankered stem and a stunted fruit on a cankered 
iiedunclo 
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stunted and distorted. (Fig. 8, A.) Fruit that develops to nearly 
or quite normal size shows no extemal sign of internal infection. 
Yellow color is observable, however, in the scar made by removing 
the calyx. Heavy infection of the pedicel just beneath the calyx 
causes browning and shriveling of the sepals and loosens the attach- 
ment of the fruit. The tissues at the junction of pedicel and peduncle 
arc very susceptible and frequently become so disintegrated that the 
fruit fails when the vine is shaken. Open cankers are common at 
this joint. , (Fig. 8, B.) 

In fruits of normal size the seeds do not show external evidence of 
internal infection, even when there is very heavy infection in the 
placenta and when the bacteria may be traced by the yellow veins 
directly to the seeds. Only in a stunted, distorted fruit, infected 



FmuiiK 7.—(^ros.s section of a (lisea4K‘<I stem showing infected areas (white) and 
cavities forming in pith, xylern, and cortex. X ^ 

when very young, are the seeds abnormal. Then they are small, 
often black, and do not jnature. A few such blackened or black- 
spotted seeds may ])e found in the larger fruits. Normal-looking 
seeds and discolored but normal-sized seeds from irifect>ed fruit give 
a, high percentage of germination. 

FRUIT SPOT 

^ Field Observations 

Fruit spot of the tomato was fii*st observed by the writer in Georgia 
in 1928. Previous field studies had been made during the very ary 
season of 1927. In 1927 systemic infection was very severe in 
Georgia, but no fruit spot was noted. In the same location the 
following year systemic infection was again very serious. This was 
an unusually rainy season, and the idea that drought was a factor in 
the severity of the disease had to be abandoned, since the systemic 
infection was as severe as in the preceding dry year. On the first set 
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()1 Iruit small, j’oimd whito spots, soma with brown, c.eiitws, were 
noticed. Specimens were brouj^ht t.o Washington imd isolations 
made. _ Aplanohacter was obtained in every case. Later 

the fruit spotting was so wi(h‘spread in these fields that a' large pei ccnt- 
ago of othtu’wise salable fruit had to be discarded. The next year 
(1929) there was a much smaller percentage of both the systemic 
disease and the fruit spot in thes(> fields. 

In 1929 baederial canker was observed for the first time in Missis- 
sijjpi. (Fig- 9, A.) Fruit spot was more c.onspicuous than the systemic 
infection in these fields; that is, there were very few vacant places, 
but Tf) per cent of the fruit that had set was spotted. There had been 
unusually heavy wind and rain storms, and the large number of 



P'louRK 8 —Sy>5teirun\lly infet'tod fruits A, Stunted, distorted frtiit, H, infected fruit spur. Note 
cankers at junction of {ledicols anti jiedunele, whicli cnu.so the fruit to fall readily 


finits that wore spotted on the side toward the prevailing wind gave 
good circumstantial evidence of spread by wind-blown rain. Open 
cankers on leaves or petioles could usually be found on the jdants in 
the next row. This was especially significant when there were no 
cankers on the plant bearing the spotted fruit. 

CJood evidence that infection was carrieii from the leaf cankers to 
the fruit in the drip from rain or dew was obtained in Maryland and 
New Jersey, where only a small amount of disease was foimd and 
where the more conspicuous fruit spots led to the finding of the sinall 
leaf cankers just above. Fruit spot has also becnv traced to infection 
coming from open cankers on sepals or at the junction of fruit and 
calyx. Here where moisture is held hy the calyx, providing ideal 
conditions for infection, elongated or irregular brown spots with 
white margins form along the edge of the scar. In some cases white 
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fireas sev^oral iiiillinieiers in extent were observed in which a <',entral 
bn^akdown hafl not bejijxin. CJroups of typical bird's-eye spots on the 



Ki(;i KK 0. - A, Infeotod sopftls, CHtikor with wliite border ninninR dow^n from point of attachment, 
and lar^c bird’h-e>o spots, b, numerous small bird’s-eye spots 


side of the fruit appear to have resulted from infection borne by drops 
of moisture from the open cankers under the cdilyx. (Fig. 9, B.) 



Fujukk lO.-Blrd’s-eye spots on a youDR green fruit, produced by 
spraying with Aplanohacter michiganevae, photographed 16 days 
after inoculation. X 2 


The lesions on the fruit are at first minute, round, snowy white, 
slightly raised spots occurring singly' or in large or small groups. 
(Fig. 11, A.) As these develop their centers become pustular and 
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break open with a single rift or with many small era(*-ks, showinji: a 
roughened yellow-to-hrown surface. (Fig. io, Fig. 1 1 , B* and PI. J , F.) 
The white persists indelinitely as a e.onspieuous lialo, although in 
sonu* old sj)ots it disapj)ears partially or complebdy. Spots may be 
so numerous as to form large, crusty j)atches. There is no water- 
soaking at any stage of developinent. The spots remain small, not 
(exceeding 3 mm. in width, exclusive of the halo. 


Isolations and Inoculations 


Bacteria were repeatedly isolated from the spots with white halos. 
Isolations are most easily obtained from fruit spot by swabbing the 
surface repeatedly with sterile water, rejiiov- 


ing a group of spots with a sterile knife, and 
crushing them in a tube of beef broth from 
which the plates are then poured. Slant agar 
transfers from the resultant colonies that ap- 
peared typical for Aplanohacter michigamense 
were used to make prick inoculations on steins 
of healthy tomato plants in the hothouse. 
Tyjiical systemic infe<*tion was obtained, the 
organism <»xhibiting as much virulence as freshly 
isolated, authentic isolations of A. mi chi gone rise. 
With the same cull me fruit spot was produced 
by liglitly swabbing yoim^ fruits from one-half 
to 1 inch in diameter with water suspepsions 
from agar slants, using a small wad of cotton. 
Later, fruit infection was obtained by spray in- 
oculations with the same isolations. (Figs. 10 
and 11.) Keciprocally, fruit spot was readily 
produced by inoculation with A, michiganenHe 
isolated from systemic ally infected stems. 
White spots one-half millimeter wide were usu- 
ally noticed from four to six days after inocula- 
tion by either swab or spray. The size of the 
subsecpient spot and the rapidity of the develop- 
ment of the rougliened center depend on the 
age of tlio fruit. The largest spots developed 
on fruits that were very small (one-half to 1 
inch in diameter) when inoculated. 

(\)mparative inoculations were made on young 
fruits with a culture of Bacterium resicaioriurn 



Fh.ure 1 1 Spots prodiiwi by 
spniy inoeulalion. A, Very 
young spots five days after in- 
oculation. X '"i. n, Enlarge- 
ment of portion of Figure 10 
to show the rough, cankered 
centers of the spots. X 0 


received from Gardner. The resultant spots w^ere always like those 
described by him. Water-soaking was always present, and no spots 
with white halos appeared. 


Histology 


Gardner and Kendrick (14) stated that since there are no stomata 
on tomato fruits and ty|)ical infection with Bacterium vesicatorium 
was not obtained by means of insect punctures, bacteria probably 
penetrate the epidernus through minute rifts in the cuticle or through 
broken hairs. In this they are doubtless correct. The young fruit 
is densely covered wdth two types of very delicate hairs, one a long 
slender trichome, the other a short hair with a several-celled glan- 
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diilar head. Sections of fruit with young bacterial canker spots have 
shown the baeteria in the bases of hairs (fig. 12, A) and in the inter- 
cellular spaces of the adjoining subepidermal layers. 

Fruit spots remain very superficial, not penetrating as deeply as 
those caused by Bacterium vesicatoiiumy but otherwise much like 



Figuke 12.—Sections of spots on green fruits A, Bacteria in the base of an epidermal hair 
and in the subepidermal tissues, x 40. B, Section through a young spot. X 66 


them in development. (Fig. 12, B.) The cells below the infected 
part multiply noticeably in an attempt to cut it off with a cork layer. 
There is also a multiplication of subepidermal cells in the region of 
the w:hite halo, but the white appears to be partly due to the pres- 
ence of air in the tissues, since it becomes inconspicuous when the 
specfben is put into alcohol. 
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Eaiilieu Observationh on Bird’s-Eye Spot^ 

In 1918 Coons and Nelson (10) published a brief note on a tomato 
fruit spot which they called canker, found in several widely sepa- 
rated regions. They described the spots as white, and the single 
illustration tallies with the fruit spot caused by Aplanobacter michi- 
ganense. Photographs and notes kindly furnished the writer by 
Nelson show that this was the predominant type of spot. Coons 
(9) in a later paper says: ‘‘The disease is disfiguring enough to cause 
serious loss to the crop.^^ His illustration in this case, however, 
looks like the spot caused by Bactejinm vesicatorium. Coons and 
Nelson isolated yellow organisms from both types of spot, but inocu- 
lations were made only with the one from dark spots. Nelson’s 
photographs of inoculated fruit give clear evidence that they were 
dealing with Bact, vesicatori urn. Their cultures were lost before Gard- 
ner and Kendrick studied Bact. resicatorium y so a comparison of the 
organisms could not be made. 

Gardner and Kendrick {12y 13, 14) also found the white spots, 
which they called “l)ird’s-eye spot.” Their illustrations of this type 
of spot are absolutely typical of bacterial canker. The legend ac- 
companying the illustration states (14): “Bird’s-eye spot of tomato. 
Cause not proved. Possibly a form of bacterial spot.” They did 
not succeed in isolating an organism from these bird’s-eye spots, nor 
did they produce them by inoculation with Bacterium vesicatorium. 
They considered that they were working with the disease described 
by Coons and Nelson, as they say (IS): “The disease as it occurs on 
tomato fruit has been known for several years. Coons and Nelson, 
and later Coons, briefly describe this disease as tomato canker.” It 
is interesting that the spot originally called canker proves to be a 
phase of the disease now bearing that name. 

McCubbin (17) in 1918 figures early and late stages of what he 
calls black scab and which Gardner and Kendrick (13) say appears 
to be ba(*teria] spot. The figures of the early stage, however, show 
only white spots, which are typical of bacterial canker sjiots in the 
early stage. It would seem, therefore, that McCubbin had both 
diseases under observation. 

SECONDARY INFECTION 

Where fruit spot is present in the field it is usually accompanied 
by spotting of peduncles, pedicels, calyx, and young stems. This 
takes the form of small, tan-colored, open cankers from 1 to 2 mm. 
wide. These remain very superficial, and although they occasionally 
have been found to penetrate deeper and reach the vascular system 
on inoculated plants, progress is so slow as to be of no practical 
importance. Leaf spot has not been certainly identified in the field, 
because of the abundance of fungus spots that confuse the picture. 
The only place in which leaf spot has been observed to occur naturally 
and has proved to be caused by A;^lanobacter michiganense was an 
abandoned “spotting” bed in Georgia, whore the overgrown plants, 
many with open cankers, were in a tangled mass. (Fig. 13.) 

Spotting on stems and leaves has been obtained in the greenhouse 
by spray inoculaCions. (Fig. 14.) Infection appears to start fro- 

fTlic naino blrd'sHsyf spot, used by Gardner !tn<l Koiidrick for this si>ot, Uio cause of which they did not 
dctcnnino, sliould be rutaliiod liocaiise of its descriptive value. 
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quently in the large bulbous bases of the giant hairs. Stomatal in- 
fection was rocoraed and figured by Smith (26). Leaf spots are 
minute and extremely inconspicuous, creamy white, and raised by 
the mass of bacteria in the tissues. These may remain indefinitely in 
this condition or dark rings of dead tissue may form around individual 
spots (fig. 14, A and B, and pi. 1, C) and merge into larger dead 
areas (fig. 14, C). Occasionally infection reaches the vascular system 
from such spots, especially from those lying over the very laige 
bundle of vessels on the extreme leaf margin. Where such spread 
occurs the leaf blade yellows from the margin inward and the veins 
blacken. (Fig. 14, D.) 

SPREAD IN THE FIELD 

No positive evidence of field spread of systemic infection by any 
agency has been obtained. The greenhouse spread recorded by 



Figure 13.-— Naturally irifucted leaves from ftn old spotting bed in Georgia. Aplanohacter michi* 
ganense was isolated from siiots on these leaves 


Smith has never recurred in the writer^s experience. Moreover, the 
plants throughout the field in many cases succumb at approximately 
the same time. Slight variations are readily accounted for by the 
varying times at which infection takes place during the weeks in the 
seea bed. Spread in the greenhouse by the pruning knife has been 
reported by Coons (9) and by Willianis (S8), The disease has not 
been observed in fields where pruning was practiced, except in Mis- 
sissippi; and there no convincing cases of spread were observed. 
Pruning in the* field is often done by twisting out the side shoots. 
This, while not carrying the disease from plant to plant on the knife, 
leaves wounds for the possible entry of the bacteria. However, the 
disease progresses downward in the plant very slowly. The bacteria 
have been traced down from leaf inoculations through the petiole 
into the stem, but the spread from there is upward. When inocula- 
tion is made directly into the stem the spread downward is slow. 
Kotte {16) has recorded the same observation. 
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Figure 14.— Loaves inoculated by spj-ajdng with Aphnobacier michiganerifie. A, Upper surface of 
leaflot five days after ^spraying. Natural size. B, Leaflet dying from systemic Infection; note 
blackened veins. X 2. C, Enlargement of a dead area in which small mdividual spots aro 
distinguishable, x 2, P, Loaflots dying back from marginal Infections. Natural size 
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The presence of the bacteria inside the seed coat has been demon- 
strated by microtome sections and by cultural methods. 

Sections of infected seed show that the bacteria lie in the fleshy 
outer seed coat (fig. 15), which is removed in the secd-cleanii^ proc- 
ess, and between the layers of the hard seed coat, penetrating the 
entire circumference of the seed in cases of severe infection. (Figs. 
16, 17, and 18.) 

Plates were poured from seed taken from fruits that showed infec- 
tion in the placenta. Since not all seeds are internally infected, 10 

or more were used for a culture. The 



Fi^rUKE 15 —Section of seed from which the 
lleshy covering iuid not been removed, 
cut through the hlluiu at right angles to 
the llattenod surface and parallel to thrj 
long axis. Bacteria arc abundant in tho 
dark areas of the seed coat beneath tho 
hiltim an<i rmiiiing up both sides of the 
eeod. The lloshy, outer .seed coat i,s 
heavily infected. X aiiout 10 


seods, after the removal of the fleshy, 
outer seed coat, were soaked in mer- 
curic chloride, 1 to 1,000, for five 
minutes, rinsed thoroughly in sterile 
water, and crushed in beef broth. 
Plates were then poured and Aplavo- 
bacter michiganeme obtained in pure 
culture. Isolations, identified by in- 
oculations on tomato, have been made 
from seed 2^2 years old. 

MEANS OF DISSEMINATION 

Infected seed, and plants grown 
from infected seed or in infected soil 
and shipped to other localities, are 
the means of spn'ading bacterial 
canker from ])lace to jilace. There is 
also evidence of its having been car- 
ried in manure. Seeds are infec,tod 
both externally and internally. Tlie 
heavy infection in the placjenta of 
diseased fruits insures wholesale (con- 
tact of bacteria wdth the seeds in the 
process of seed saving. The bacteria 
are able to survive in a virulent con- 
dition^ eight months or more on the 
seed or on cover glasses and^two and 
one-half years in dry soil. 


EVIDENCE OF DISEASE FUOM INFECTED SEED 

That disease results from planting infected seed is attested by wide 
field observations and by experimental planting of seed from infected 
fruit. From 1 to 5 per cent of infection has resulted in the green- 
house from naturally infected seed and from 21 to 40 per cent from 
seed dipped in bacterial suspensions, dried, and plantea. Field tests 
in Georgia with seed saved from infected fruit gave 53.4 per cent of 
cankered plants in 1928 and 30 per cent in 1929; ® checks grown from 
seed known to be clean gave only healthy plants. 


« Communication by letter from O. C. Boyil. 
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A wide discrepancy has been observed in the percentage of diseased 
plants obtained from seed known to be infected but grown at different 
times and in different places. For example*, seed known to be in- 
fected, which ^ave only 1 per cent of infected plants in the green- 
house in Washington, gave 54.4 per cent in Georgia. This indicates 
that seed-bed conditions are an important factor in the production 
of devastating outbreaks of bacterial canker. Since tomatoes are 
not grown to jiiatiirity commenually in the tomato-plant growing 
region of Georgia and reliable plant growers rotate their fields or use 
n e wly cleared pin e- 
lands, soil infection 
does not appear to be 
a factor in producing 
diseased plants in this 
I’egion. To determine 
this point clean seed 
was planted in 1930 
in two fields in Georgia 
from which infected 
plants were shipped in 
1 929. No bacterial 
canker developed on 
the resulting plants, 
part of which were 
grown to maturity in 
the seed field and part 
of which (400 plants) 
were set out in 
Maryland. 

SPREAD IN THE SEED BED 

A few primary in- 
lections u nder crowded 
seed-bed conditions 
arc potentially able to 
increase the number of 
diseased plants to 100 
per cent, if conditions 
are favorable. wSuch 
spread was found in an 
old, abandoned plant 
bed in Georgia during 
a very rainy season. The plants, which were beginning to set fruit, were 
m a tangled mass, so that spread was facilitated. Spots were abundant 
on fruit, stem, and leaf. In many of the plants examined no internal 
lesions were found in the root or lower stem, although in the tendef up- 
per stem they were conspicuous, indicating that systemic infection had 
resulted through primary lesions on upper stems or leaves. Plants are 
set in the field or shipped, however, while quite young, and spotting 
« been found at this stage. Moreover, severe outbreaks in the 

field have occurred from hothouse-grown plants where weather con- 
ditions do not enter as a factor. In several cases all diseased plants 
could be traced to one hothouse or coldframe. It would seem that 
15391—30 2 



lu.FKE 16 -Swtion of a seed i)anillel to tho llattenud sides, showing 
bacteria (dark lueas) in t lie tissues beneal h the hiluni and completely 
encircling tho seed. X about 25 
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there must be some other cause of spread, i) 0 S 8 ibly insects, in the 
seed beds. A study of this problem is under way. 

SEED TREATMENT 

For externally contaminated seed, mercuric-chloride treatment has 
been found most effective. Such treatment, however, does not con- 
trol internal seed infection, which is the more serious phase of the 
disease. For the internal type of infection hot-water treatments were 
undertaken. A study was first made of the thermal death point of 
the caxisal organism at various ages. 

THERMAL DEATH POINT OF THE CAUSAL ORGANISM 

The thermal death point of Aplanobacter michiganense has been 
found to vary in different strains from 50° to 53° C. This, however, 

refers to young 24 to 48 hour old 
cultures in thin suspensions in 
beef broth. To ascertain whether 
it would hold for older cultures or 
for bacteria massed on the seed 
and dried there, the following tests 
were made: 

1. Seeds were sterilized in the 
oven to eliminate saprophytes and 
thus facilitab' the reisolation of 
Aplanobacter rmchiganense^ which 
is a slow grower. These seeds were 
then immersed in a suspension 
from 10-day agar slants of ,.1. 
micMganenffe f drained, and dried. 
They were then dropped into ster- 
ile water in test tubes and held in a 
water bath at 55° and 56° C. for 
10 minutes and 20 minutes, after 
first being warmed for 5 minutes 
at 45°. The bacteria were 
cultured from these seeds in every 
case. 

2. Bits of the surface agar of 
slant cultures 20 days old were 
dropped into beef broth and ex- 
posed for various time-tempera- 
ture periods. Typical bacterial 

growth in transfer made from these cultures after exposure demon- 
strated that the bacteria in this condition are not killed by expo- 
smm of 20, 30, or 40 minutes at 54° C. or by an exposure of 10 
minutes at 55°. 



Figure 17.— Enlargoraent of h portion of Figure 
16 to show the position of the haeteria: a, Cau- 
licle; b, endosperm; r, inner wall of seed coat. 
d, layer of bacteria; e, outer roughened wall of 
the seed coat. X 170 


HOT-WATER TREATMENT OF SEED 

Two sets of hot-water treatments of seed were carried on, the 
first to determine the effe(*t on the seed, the second to ascertain the 
point at which the bacteria are killed. 

1 . Freshly cleaned, healthy seeds were tested to determine the 
point at which injury occurs. The seeds, covered with water in test 


Dec 1 ft, ii»o Studies on Bacterial Canker of Tomato • 843 

tubes, were first exposed in a water t)ath at 45° C. for 5 minutes, 
then plunged into water at 50°, 52°, and 54° and Kept at these 
temperatures for 10, 20, 30, 40, 50, and GO minutes. Germinations 
were counted in 100 seeds of each lot placed between damp blotters. 
One hundred seeds of each lot and 100 (‘heck seeds were planted in 
the greenhouse and w^atched for sturdiness. Although there was 
slight retardation after the longer time treatments at 54° (3 days 
at 54° for 40 to (>0 minutes), there was no reduction in percentage 
of gennination or vigor of plants in any case. Tlie 50° treatments 
stimulated earlier ger- 
mination than took 
place in the checks. 

Plants were ])otted and 
held until they had 
reached a height of S 
inches. The same 
results were obtained 
with dry seed treated 
at these temperatures. 

Similar experiments at 
55° and 50°, for 30 min- 
ute's and <)ver,pi'oduced 
decided injury to wet, 
freshly cleaned seeds, 
both in germination 
and vigor of j)lants. 
l.)ry seeds w('re not 
no tic e a b 1 y i n j u r e d 
when treated for 30 
minutes at these tem- 
peratures but when 
exposed for longer 
p('riods gave a decid- 
edly lower percentage 

0 f germina t i o n and 
weaker plants. 

2 . Seed s from infec t- 

ed fruit were tieated f'joxTnK is.— section of u seed cut in the same plane as Figure 16 
with hot water for the at a Iiolut correspondinp to X in Fipure 16, showing Imcleria 

• , • . massed in the vascular region and more scattered in the adjacent 

various time-tempera- i„ose t issue, x 210 

ture pcT’iods used in ex- 
periments with clean seeds. After such treatment mercuric chloride, 

1 to 1,000, was used for 2 minutes to eliminate any saprophytes that 
might be present on the surface. The seeds were then rinsed in ster- 
ile water and crushed line in beef broth. Since not all seeds are inter- 
nally infected, 10 or more seeds were used for isolation purposes. Che 
bouillon with the crushed seeds was poured into test tubes containing 
potato cylinders. Untreated diseased seeds were cultured in the same 
way, and the resultant yellow bacterial growth tested for its identity. 
In this way Avlanobacter michiganeme was (*ultured from the checks 
and from seeds treated at 53° and 54° C. for 30 minutes, but not 
from those treated for 40 minutes. Since 55° is injurious and since 
commercially it is difficult to hold the water bath at a given tem- 
perature without variations of more than a degree, tliis does not 
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allow a sufficient margin of safety for general use. F'urther investi- 
gation may sliow that the method, although impracticable for com- 
mercial seed treatment, might be used in cleaning up a seed stock. 
The only real remedy appears to be in growing clean seed. The only 
way to obtain clean seed is to select from fields in which there is no 
bacterial canker. 

PERSISTENCE OF BACTERIA IN THE SOIL 

Laboratory tests to determine conditions under which the organism 
can live in the soil have shown tolerance of a wide range of tempera- 
ture, moisture, and pH values. 

Tubes of soil were sterilized, then inoculated with water suspen- 
sions of Aplanobacter mwhigamnse sufficient to moisten. Half were 
sealed witli paraffin to retain the moisture, the other half were left 
unsealed and soon dried. Part were held out of doors protected 
from I’ain in Washington and part at Geneva, N. Y., frojii June 15 
to April 1. At the end of this period the organism was recovered by 
cultural methods in virulent form from both wet and dry soil from 
both places. In another experiment tjie organism survived two and 
one-half years in dry sterilized soil exposed to outdoor temperatures 
in Washington, D. 0. 

Preliminary experinuuits have been made in unsterilized soil sealed 
to retain the moisture and kept at low tem]>eratures in refrigerators. 
These experiments have demonstrated that the organism will sur- 
vive five months at 0® F. in soils from different sources witli a pH 
of 5-67, 6.67, and 7.9, respectively. The viability of the organism 
was determined by inoculation, as it had been found impra(‘-ticable to 
isolate Avlanohacter michiganense from unsterilized soil. For this 
purpose the soil culture to tested was shaken with water for five 
minutes, allowed to settle, and the suspension thus obtained was 
used for prick inoculations on young tomato plants. Inoc* illations 
were also made by dijiping the roots of very young plants in the 
su^ension. 

Tomato plants readily become infected when planted in freshly 
inoculated soil or when inoculum is poured into the soil around them 
in pots in the greenhouse. However, when plants so infected were 
allowed to die in the pots, the old vines removed, and young plants 
set in three months later, no disease resulted. This agrees with the 
report of Williams (28) y who recorded inability to hold the organism 
in greenhouse soil for even a few months. An attempt to determine 
persistence in the soil in the open at Washington, D. C., was made. 
Twenty-four 8-inch pots filled with sterilized soil were buried to their 
tops m the ground in October. Leaves and stems of infected plants 
were buried in the upper layers of soil in 14 of the pots. In May the 
soiUin the pots was worked. A water suspension of Aplanobacter 
michiganense was poured into the soil of 6 pots that had not been 
inoculated in the fall, and the remaining 4 were held as checks. 
Young Stone tomato plants were set in all of the 24 pots. The plants 
were watched all summer, but no disease developed in the checks or 
iiV the pots inoculated in the fall with diseased plants, although all 
of those in the freshljr inoculated soil succumbed early to the disease. 
Since this one negative result is not conclusive, the experiment is 
]t>eing repeated, this time without pots. 
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Negative evidence was obtained in western New York, where Ibi- 
two successive years the disease did not appear in a field that had 
been a total loss from bacterial canker the preceding year. Further 
observations and experiments are needed before there can be any 
certaintj^ in regard to this region. 

There is positive evidence, however, that the disease can and does 
overwinter in the soil in some localities. In (Georgia the study of soil 
hold-over was complicated by the bad field practice' of the growers 
who used infe(jted vines in the (*ompost that was ])laced under the 
soil of spotting beds. By this practice almost 100 per cent of the 
plants became infected. When in 1929 the practice was abandoned 
there was only from 5 to 10 per cent field infection. This, while 
indicating hold-over in the soil of fields, is not so large a percentage 
as might Jiave ])een expected in fields that had developed 50 to 75 
per cent of infe(‘ted plants the two preceding years. That the bac- 
teria survived composting and were virulent in this compost the sec- 
ond year was demonstrated l)y Boyd. 

Indication of a small per(‘(mtage of discuiso from hold-over in the 
soil was observed in 1929 in California and Utah l)ut was not con- 
clusive because the seeds used were not known to be (dean. In 
Illinois only one diseased plant was found in a half-acre field which 
had had 25 pei* (*(mt infected plants the preceding year. Further 
observations are needed to determine the length of time the infection 
will remain in the soil. The small perceptag^ of infection so far ob- 
served in fields infected the preceding year and the fact that the 
disease does not attack other crops or the weeds so far tested would 
indicate that rotation of crops should eliminate the bacteria from the 
soil. This theory is further supported by the fact that no bacterial 
canker (.'ould be found in 1930 in two fields in Georgia planted in 
tomatoes for the fij-st time since 1927 when the infection was severe. 

CONTROL 

Control of bacterial canker is a difficult problem. Seed infection, 
soil infection, and spread in the seed bed must all be taken into con- 
sideration. Where the disease has not occurred, the use of clean 
seed is the first essential for safety. Seeds brought into disease-free 
areas for breeding purposes should be grown in separate seed beds, 
the trial plots carefully inspected, and any infected plants burned. 

Seed should not be saved from fields in wdiich even a small per- 
centage of bacterial canker is found. Seed not positively known to 
come from clean fields should be treated w ith mercuiric (diloride, nor- 
mal Semesan solution, or Semosan Jr. dust. This will eliminate sur- 
face infection and is desirable from the point of view of other tomato 
diseases, but no treatment is known which will destroy internal in- 
fection, under commercial conditions, without danger of injiuy to 
the seed. 

Where the disease has occurred, rotation of crops also is essential. 
The number of years that^ the bacteria will live in the soil under 
field conditions when rotation is practicable has not yet been demon- 
strated. The small percentage of diseased plants on fields infected 
the preceding year, Ttbe absence of the disease from two old fields after 
two vears in other crops and the fact that other crops and solanaceous 
weeds are not attacked make this a promising method. Where ro- 
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tatioii is impracticable, the development of a resistant strain of to- 
mato would be desirable. The removal and destruction of diseased 
vines to reduce the amount of infection in the soil would also bo de- 
sirable under these conditions. Kotte (16) suggests that infection 
through roots broken in transplanting may be prevented by dipping 
the roots in a 0.5 per cent solution of Uspulun thickened with soil 
to the consistency of a thin mud. A preliminary experiment was 
made in the greenhouse with Kotte’s method, in which normal 
Semesan solution was used instead of Uspulun when setting young 
plants in heavily inoculated soil. This method resulted in a 20 per 
cent infection in the treated plants as compared with an 80 per cent 
infection in the checks. 

Care should be taken in the sanitation of the seed bed. Williams 
[28) reports satisfactory control of the disease in greenhouses by 
sanitation but gives no details. No infected refuse, either vines or 
spotted fruit, should be returned to the soil or allowed to reach the 
compost heap or the barnyard. The soil of old beds in cold frames 
or hothouses should be replaced with clean soil from fields where 
tomatoes have not been grown, or it should be sterilized by steam. 
Hothouses should be fumigated. In the South, where seeds are 
sown in the open, fields to be used as seed beds should be burned 
over before plowing to destroy insects in plant refuse. Fall plowing 
would also aid in decreasing the insect population. A field should 
not be used two successive years for plant growing for the best results 
from several points of view. 

Very few plants show any sign of infection at the time of setting 
in the field. Inspection for disease at this stage would be 
impracticable. 

THE ORGANISM 

VARIANTS 

An albino strain has been isolated from single-colony cultures of 
A'planobacter michigarieme {8). So far as known, such a variant has 
not been reported for any other plant pathogene. Brown {3) found 
rough, rubbery, round white colonies on reisolation jilates of Bac- 
terium beiicolum with which shb obtained infections on sugar beets, 
but she did not record their cultural identity with that organism, 
nor did they appear in single-colony cultures of the typical yellow 
organism. White variants that do not revert to the typical color 
have been described by various workers for bacteria in other groups, 
notably Bact. prodigiosus, Bact. violaceum^ Stai)hylococcus aureus^ 
and several saprophytes from plants. 

White streaks were observed in the surface growth on old agar 
stab cultures at three different times and with isolations from different 
places. On one occasion plates were poured from the white part of 
a ctriture of a ^itrain isolated four years previously, and both white 
and yellow colonies appeared. These were alike except in color. 
Transfers from white colonies were found to be nonrnotile and Gram- 
positive. No further work was done at that time and the cultures 
were lost. When in 1929 the same phenomenon occurred in a strain 
held two years on culture media, white colonies were again isolated. 
These were tested as before and also used for inoculating tomatoes. 
Prick inoculations were made in the stem and swab inoculations on 
young green fruits. In both cases typical lesions were produced, 
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the organism proving as virulent as tlie typical yellow form. Reiso- 
lations were made from petioles at intervals of 12 days,.G wc^eks, and 
2 months after ijioculation, from near the point of inoculation and 
from the upper limits of the bacterial invasion. In all cases only 
w^hite colonies appeared on the plates. Tn cultural tests on potato, 
litmus milk, Thaxter's potato agar, gelatin, beef broth, nitrate broth, 
and starch agar, the white form resembled the yellow form except 
in color. No yellow pigment w^as produced at any time. 

V ariants of another type were observed on whey agar and Thaxter’s 
potato agar. On both of these agars containing sugar, on which the 
typical colony growth is abundant, fluid, and spreading, varying per- 
centages of small, round, very convex colonies have appeared. These 
remain small and never spread. When replated on these agars the 
round type gives only round colonies; the spreading type may throw 
oir a few round colonies. Replated on beef agar they are indis- 
tinguishable. The round colony has appeared in small numbers in 
young isolations but is much more common in isolations that have 
been on culture media for some time. In one 10-year-old strain only 
the round type w^as present. In this case no infections could be 
obtained. Round colonies of younger isolations are very weakly 
parasitic and weak in their reactions on culture media as compared 
with the spreading strain. They have not, however, lost the power 
of fennenting sugars. 

LOSS OF VIKULENCE 

Smith (25) has reported that Aplanobacter mi^^higaneme loses its 
virulence in the course of several years. Tests with various isola- 
tions — three of 1924, three of 1925, and one of 192G — were used in 
1929 to make prick inoculations in the upper stems of large plants. 
All except two of the 1924 isolations showed symptoms of infection 
by the tenth day, and the disease developed rather slowly. Inocula- 
tion of the stems of young plants with the same cultures produced 
rapid and complete destruction of the plants, with typical symptoms. 
Virulence is therefore not lost by five years on culture media. As 
noted under ‘‘Variants,” a 10-year-old culture failed to give any 
infection. • 

MORPHOLOGY AND STAINING REACTION 

Aplanobacter michiganense is a small, nonmotile rod, measuring 0.6 
to 0. 7 M by 0.7 to 1,2 M) and occurring singly or in pairs. It is 
definitely Gram-positive, No spores have been observed. It stains 
readily with the usual bacterial stains. Capsules occur in agar 
cultures. 

CULTURAL CHARACTERS • 

Beef aqar. — Growth in beef agar is slow, moderate, opaque, smooth, glistening, 
pale yellow becoming mustard yellow,^ and not opalescent. Colonies on beef- 
agar plates may be seen under the hand lens on the second day but usually are 
not visible to the naked eye until the third day. They are then yery minute, 
1 mm. or less in diameter, very pale yeUow, and very convex. By the fifth 
day they have reached a diameter of 2 to 3 mm., are round with an entire margin, 
smooth, shining, of butyrous consistency, opaque, pale yellow, and show no 
markings by either reflected or transmitt^ light. In 12 days colonies on thinly 
sown plates may attain a diameter of 6 mm. At this time they are bright yellow 

^ UnlevSS otherwise stated, all beef media were made with beef infusion and had a pU value of 7. 0 to 7. 2. 

1 Hidgway, R. color standards and color nomenclatvbs. 43 p., illus. Washington, D. C. 
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and very viscid. Growth on the surface of agar stabs is round and restricted, 
attaining a width of 7 or 8 mm. by the eighth day. The stab growth is saccate 
and granular, visible to one-third the depth of the agar. On slant agar there is 
moderate growth, not running down into the V. On beef-extract agar growth 
is less ai)undant, paler (straw' yellow) and thinner than on beef-infusion agar; 
it is opalescent and does not become viscid. 

Thaxter’s potato agar. — On this medium growth is very abundant, fluid, 
long continued, and ppJer than on beef-infusion agar, tiiough not so jjale as on beef- 
extract agar. By the sixteenth day colonies may attain a diameter of 15 rnm. 
and show no sign of drying down but remain thick and fluid looking, revealing 
a flocc\dent interior by transmitted light. Bottom colonics are thin, opalescent, 
and about 2 mm. in diametei. In slants the growth flows down, filling the V 
to a depth of 1 cm. or more, and leaving only a thin layer of growth on the slant. 
The mass of growth in the v is as deep in color as growth on beef-infusion agar. 
Large lenticular, granular bodies, looking like giant buried colonies, appear in 
the surface layer at the base of the slant in about two wrecks. 

Beef broth. — Clouding is slow and moderate, beginning in about 48 hours. 
A pale-yellow' lim begins to form in ])atches by the sixth day and is complete by 
Ihe seventli or eighth day. Occasionally in undisturbed cultures a delicalt* 
in<*.omi>lete pellicle is formed. 

Potato.- -On potato cylindeis grow'th is moderate, mustard yellow', smooth, 
glistening, and Kf)reading, but not covering the entire surface of ttie potato. Ilu' 
w'atcr remains clear, with a moderate preciintatc. The potato is grayed. 

Synthetic media.— ^Cohn’s solution takes on a slightly milky appearance, but 
shows n<i rolling clouds on shaking. In Uschinsky’s solution clouding is wx'uk 
after 10 days’ grow'th and only inod€‘rate, \^dth a small amount of preci])itate 
and with neither rim nor ijellicle, at the end of two weeks. Moderate clouding 
occurs in Fermi’s solution. 

PHYSIOLOGY 

Liquefaction of gelatin. —Gelatin is very slowly li([uefied at to 21® C. 
In one test the surface grow th after four days wt.s about 4 mm. wide, lying in a 
dry depression 3 mm. deep. Tw’o w’ceks inter iho gelatin was licpiefied to a 
depth of 8 min. and by the end of the fourth wxek the stratiform Ihiucfaction 
was 12 mm. deep. The fluid w'as clear, with a heavy layer of yellow precipitate 
on top of the solid portion. No further liquefaction took place during the follow- 
ing month. In other tests evaporation kept pace with liquefaction so that 
only a dry jnt was formed. 

Relation to free oxygen. — The organism is aerobic. It does not grow in the 
lower end of stabs in beef agar or Thaxter’s agar or in the low'cr half of shake 
agar cultures. No clouding occurs in the closed end of fermentation tubes. 

Fermentation of sugars. — Tests were made on beef-extract agar slants wdth 
bromcresol jiurplc as indicator and 1 per cent, respectively, of the following 
carbohydrates: Sucrose, dextrose, galactose, levulose, maltose, lactose, glycerin, 
and mannit. The Hants w'erc streaked from agar cultures. In sucrose and Icvu- 
lose, acid was evident at the upper end of the slant after 24 hours. Two days 
later the wiiole of the slanted part of the culture was acid in sucrose, levulose, 
dextrose, and galactose. In maltose the slant w'as acid on tlie tenth day. On 
the flfteeiith day the medium was acid throughout in all of these sugars except 
maltose, which never became as acid as the others. An alkaline reaction started 
on the sev(uiteenth day and 10 days later the medium was alkaline throughout. 
In lactose, glycerin, and mannit there w'as a very slight color change, indicating 
an acid reaction, after two weeks’ growdh. Phenol red w'as then used as an indi- 
cator in the same kind of agar with each of these three carbohydrates. Acid 
was evident on the fourth day in glycerin and mannit, and on the tenth day 
the whole of the medium was acid. The lactose cultures began to show aciil 
on the tenth day and were acid thioughout on the seventeenth day. In fer- 
mentjgtion tubes containing these carbohydiates in peptone water, the closed 
end does not cloud and no gas is formed. 

Reaction in milk, — There is no evidence of grow^th in milk for several days. 
By the fifth day a yellow rim and surface layer of yellow growth 3 mm. deep has 
formed. These gradually increase to a depth of 1 cm. The milk remains fluid 
foi about a month, although a soft curd may form during this period. In older 
cultures a solid curd fonns with more or less separation of a clear yellow whey. 
Reduction of litmus is slow-, beginning about the eighth day throughout the 
medium, and is complete in tliree weeks. No acid reaction appears before reduo 
tion has taken place, but the medium turns red when the cultures are 6 to 8 weeks 
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old. Reduction of methylene blue proceeds from the bottom upward, beginninjj; 
on the third day, and is complete in 7 to 10 days. No crystals are formed. 

Hyduolysis of stakch. — On starch-agar plates streaks which 'had made good 
growth were flooded with iodine when 7 days old. This jiroduced a line 12 mm. 
wide around the growdh, vaiying from deep iiurple in the outer portion to pale 
purple in the inner i)art nearer the growth, and in some cases colorless in the 1 mm. 
adjacent to the growth. 

KEDircTiON OP NITRATES. — Nitrates are not reduced. Tests were made in 
nitrate-bouillon cultures with the starch potassium iodide-sulphuric acid test and 
with the a-naphihylamine-sulphanilic aciti test, and in the series of special media 
recomniendeci in the Manual of Methods (^^7) for organisms giving a negative 
reaction in the simpler tests. 

Optimum pH for growth. In a series ot broths made with beef infusion and 
llacto-fieptone, ranging from pH 4.4 to 9.6, growth was evident on the second 
day at pH 6.1 to 8.3 and was Ixsst at pH 7.7 to 8.3. iU the fifth day there 
was clouding at ])H 9.0 (at this time the checks had a pH value of 8.6), but 
there w^as no growth in the acid range beyond ])H 6 1 By the seventh day 
a rim had formed in the culture at ))H 7.5 to 8.2, but not in the others. Berridge 
(1) records growth with this organism at jiH 5.0 to 9.2 in })e])tone broth made with 
Jardox. On agar slants growth was d(‘cidedly heavier at pH 7.6 and 7.9 than at 
1 )H 6.9. On agar plates 2-flay-old colonies were barely visilile at pH 7.0, whereas 
tliey were 1 nun. Avidc at pH 7.9. 

Toleration of sodium uhloiude. — The organism is sensitive to sodium chlo- 
ride Growth is uioderatt' in beef brotli at ])H 7.0containing 1 per cent Na Cl, weak 
in broth containing 2 per cent, and does nt)f occur in brotli containing 3 per cent. 

Other PHYsioLOCiicAL reactions. — Aplanobaclcr michigancnse does not form 
indol or hydrogen sulplude. There is slight ammonia production in beef-pcjitone 
iiH'dia, as shown on sugar agars containing bromcresol jiurple and by strips of 
filter paper dipjied in Nessler’s solution an<l inserted in beef-broth cultures. 

Temperature relation.s — The thermal dcatli point ranges from 50° to 53° C. 
v\ith different isolations. Tests were made with beef-inf u.sion broth at pH 7.8, 
inoculated from 24-hour-old beef-broth cultures that had been heavily enough 
inoculated from an agar slant to cloud well in that time. Smith (^5) reported no 
growth after exposure at 47°. The best growth is made at 25° to 27°. 
Then* is weak growth at 33° and moderate growth at 29°. No growiJi occurs in 
beef broth at 35° or 37°, but cultures were not killed by extiosure for 10 days at 
tliese tenii)eratur(?s, as tliere was jirompt clouding on removal to room tempera- 
ture. Very slow' clouding occurs at 1°. The organism has w ithstood year-round 
outdoor temperatures in Washington, D.(\,and Geneva, N. sealed test tubes 

of sterilized soil, both moist and dry. 

Resistance to desk’cation. — A pUivohactcr michiganense has survived eight 
months’ drying on seeds and on cover glasses and 2)^2 years in dry, sterilized 
soil without coni])lete loss of virulence. 

QUICK DIAGNOSIS 

Slow-grow ing yellow colonies from typical lesions appearing on the third day on 
beef-agar plates, made U]) of small nonmotile, Grain-iiositive rods, may be safely 
diagnosed as Aplanohacier michignwtiac, 

BRIEF CHARACrERIZATION 

A plarwbacter michigancnse is a short, nonmotile, Gram-positive, nonacid-fast 
rod occurring singly or in pairs, 0.6 to 0.7 m wide by 0.7 to 1.2 m long. It forms 
round, opaque, mustard-yellow’ colonies on beef agar; clouds lieef Ijroth slowly and 
forms a pale-yellow rim; has very weak diastatic action; liquefies gelatin very 
slowly; forms acid without gas from dextrose, sucrose, galactose, levulose, and 
maltose, and a very slight acid from lactose, glycerin, and mannit; does not reduce 
nitrates; causes very slow’ coagulation of milk without peptonization; Truces 
litmus and methylene blue in milk but does not form tyrosine crystals; produces 
ammonia but no indol or hydrogen sulphide; is aerobic; grow's best at pH 7.5 to 
8.2; withstands drying for 8 ^ months on cover glasses and 2J^ years in soil; 
optimum temperature is between 25° and 27° C.; thermal death point, 63°. 
Pathogenic to tomatoes. 

* This result was obtained through the cooperation of J . (1. 1 lorsfall of the G eneva station. . , , 

Tests on seed and cover glasses were not carried beyond 8 mouths, but the organism has been isolat etl 
from the interior of 2Vii-year-old seed. 
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SUMMARY 

Bacterial canker has become more widespread and destructive in 
important tomato-growing sections in recent years. It causes the 
death of the plants at any stage from seedling to mature plant with a 
set of fruit. Losses range from a trace to 100 per cent. The disease 
is characterized by stunting of the plants; a gradual wilting and 
irregular dying of the leaves; streaking and cracking open of the 
stems, petioles, and veins; and the final collapse of the whole plant. 
The bacteria enter the fruit and penetrate the seeds through the vas- 
cular system. 

During wet seasons bacterial canker also causes a very disfiguring 
fruit spot which renders the fruit unmarketable but does not cause it to 
rot. The spots are small but numerous and are characterized by 
noticeable w^hite halos. Aside froin this fruit spot there is no serious 
field spread. 

The causal bacteria are disseminated on and in the seed. Hxternal 
disinfection should be practiced. Ilot-water treatment has been 
found impracticable under commercial conditions, since temperatures 
that kill the bacteria are too close to the point at wdiich injury to the 
seed occurs. According to present information, absolutely clean seed 
can be obtained only by selecting seed from fields free from this 
disease. Seed-bed sanitation is important, sinc(‘ the percentage of 
infection from infected seed is in part determined by seed-bed condi- 
tions that cause spread from plant to plant. These conditions are 
under inv(JStigation. Rotation of crops should be practiced, since it 
has been demonstrated that the bacteria are able to overwinter in 
the soil in some parts of the country. 

The cultural and physiological characteristics of Aplanobacter 
inichiganense^ the causal organism, are given. Two variants, one an 
albino, are described. 
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A COMPARATIVE STUDY OF THE STEM EPIDERMIS OF 
CERTAIN SUGARCANE VARIETIES ‘ 


By Ernst Artschwager 

Pathologist f Office of Sugar PlantSj Bureau of Plant Industry^ United Slates 
Department of Agriculture 

INTRODUCTION 

A casual examination of the anatomical structure of the stem 
epidermis in certain varieties of sugarcane revealed, among even the 
most uniform spe(‘irnens, differences that seemed to merit more 
detailed study. Such differences, if established, would, it was hoped, 
supply diagnostic characters of value in classifying varieties and in 
determining relationships. Representative varieties of four species 
of sugarcane {Saccharvrn offiemarum, S. siTimse^ S. harheriy and 
S. spontaneim) and of several species hybrids which were examined 
seemed to offer a sufficiently wide range of material within the genus 
to justify a preliminary stinly for the purpose of establishing whether 
these structures might be useful for the purpose. 

The existence of certain varietal differences was already known to 
Wider, 2 who, in studying the structure of the sugarcane stem, exam- 
ined the epidermis of several varieties and noted that in certain canes 
the silic(H)us epidermal ctdls were verv abundant while in others they 
were much fewer in number, Wieler also described in detail the 
structure and development of these siliceous cells, but his conceptions 
were greatly modified in a later investigation by Frohnmeyer.'^ 
The observations of Wider were extended by Maindi de Calvino^ in 
her study of the anatomy of Chiban canes. She noticed that varieties 
diflered in the size of the different types of epidermal cells, th(' 
thickness of the walls, and the distribution of the stomata. 

MATERIALS AND METHODS 

The material for the present investigation was obtained from the 
fields of the Sugar Plant Experiment Station at Canal Point, Fla. 
Heinemann,^ in her study of the epidermis of corn, found great 
variation in the composition of the epidermis of the different inter- 
nodes. In order to eliminate the effect of similar differences in sugar- 
cane, special care was taken to select material that had reached the 
same stage of development. It was found that mature internodes 
which had reached their final length and w^ere no longer covered by the 

J Kwelvcd for publication June 28, 1930; issued De<;embor, 1930. 

2 Wieler, A. bkitkXoe zur anatomie pes stockes von sacchauum. Beitr, >Viss. Bot B. ‘iM-AX-lH, 
illus. 1898. 

« Frohnmeyer, M. pie entstehuno und ausbilpung per kieselzellkn bei pen gramineen. 
39 p., illus. Stuttgart. 1914. (Bibliotheca Botanica, Heft 86 ) 

* MAMELI PE CaLVINO, E. E8TUDI08 ANATOMICOS Y FISIOLOGICOS SOBRE LA CAflA DE AZUCAR EN CUBA. 
Mem. Soc. Oubana Hist. Nat. “Felipe Poey“ 4: 156~2U, illus. 1922. 

« Heinbmann, K. zur kenntnis per oberhaut am MA 18 STENGEL. Bot. CcntW., Bdhefte 42: 111- 
159, Ulus. 1925. 
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protecting leaf sheaths were best suited for a comparative study; 
and, since the middle portion of the internodes showed the greatest 
uniformity in the appearance and distribution of the various epidermal 
structures, material was always taken from this region. On the 
average 10 individual samples of each variety were tested, and it 
was noted that the variation in the different specimens of a single 
variety was but slight and did not exceed variations observed in 
different fields of a microscopic preparation. It should be under- 
stood, however, that the tests were based on one season’s crop and 
that practically all of the material came from the same field. It is 
therefore possible that under changed environmental conditions a 
somewhat different cpidennal picture might be obtained; but because 
of the conservative nature of these structures such variation is not 
likely. 

The epidermis was removed by the aid of Schulze’s maceration 
fluid, but instead of using the prepared reagent as recommended by 
Grob,® the writer adopted the following procedure, which gave most 
satisfactory results. A piece of epidermis with the adhering cortical 
and fibrous tissue was cut from the central part of an internode and 
placed in a test tube containing several (crystals of potassium chlorate 
and a few cubic centimeters of concentrated nitric acid to which a 
few drops of water had been added. The mixture was carefully 
brought to a boil, and after a few seconds, as soon as the epidermis 
separated off in the form of a thin pellicle, the contents of the test 
tube were emptied into a Petri dish partly filled with water. The 
epidermis was then mounted on a slide and stained with chloroiodide 
of zinc. If the maceration process is interrupted at the right point, 
the epidermis stains a bright blue; but if the maceration is not suc- 
cessful, the stain will not take at all or the differentiation will not be 
satisfactory. . 

The number of short-cell groups in a square millimeter was deter- 
mined by projecting the stained preparations on a screen of ample 
size. This was done in order to estimate their relative number as 
accurately as possible regardless of irregularities in distribution. 

STRUCTURE OF THE EPIDERMIS 

When the stem epidermis is removed in the manner described and 
is properly stained with chloroiodide of zinc, it appears under the 
microscope as made up of various kinds of cells, disposed, however, 
in a remarkably uniform pattern. Two distinct tvpes of cells alter- 
nate with each other — elongated rectangular cells and short cells 
which occur singly or in pairs. (PI. 1.) 

The long cells, which constitute the greater part of the epidermal 
cells, form 4-sided prisms. They vary greatly in length, and their 
end ^alls, thopgh commonly straight, are often pointed. The varia- 
tion in width is less evident but becomes quite a factor when different 
varieties are compared with one another. The walls of the long cells 
have an undulated, strongly silicified middle lamella, which, in the 
stained preparation, appears as a pure-white wavy line. The thick- 
ening layers are also undulated but not unifonnly at all points (fig. 1), 

» aifOB, A. BEITRAOK ZUK ANATOMIK DEB EPIDEKIMIS DRR GRAMlN»ENilL&mB. 122 llluS. StUttgart 
)S90 Batauica, Haft 36.) 
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and the degree of silicifieaiion is soiiu^what loss. The outer wall of 
these cells is very thi(‘k, strongly silieified and suberized, and pos- 
sesses a more or less strongly de- 
veloped cuticle. The inner wuill is 
much thinner than the outer one, 
stains a bright blu(‘ in the prepara- 
tion, and is pierced by numerous 
pits. (Fig. 2.) Pits are also found 
in the lateral w alls but are wuinting 
in the outer one. Occasionally the 
lumen of the ci'lls is tilled with cal- 
cium oxalate in the form of crystal 
sand. 

The short cells typically oe(‘ur in 
pairs, one member of which stains 
with chloroiodide of zinc a golden 
yellow and is known as a cork 
c(^ll; the other member of the j>air 
appears a glistening white and is 
known as a silica cell. Often, 
instead of tw^o short (*ells (*onsti- 
tuting a group, a larger number is 
found. (Fig. 3.) This increase 
may be brought about by the 
omission of a long cell, so that two 
short-cell groups join each other 
directly. vSometimes tlnu'e are one 
or two extra cork cells present, and 
thus the group may be greatly en- 
larged. While an increase in the 
number of short cells in a group is 
the more common occurrence, it 
may happen that by tin* omission 
of the silica cell the short -cell group 
is redtieed to one member. This 
situation is common in sonu' va- 
rieties and constitutes, as will be 
seen later, a valuable diagnostic 
character. 

The cork cells have relatively 
thin walls, suberized and silieified, 
and a large lumen which usually 
contains a solid de]>osit of some 
organic substance. Though vari- 
ously shaped, in certain varieties 
they may be remarkably uniform, 
beingusually broadly reniform with 
the greater dimension parallej to the 
long axis of the stem. Frequently 
they are scpiare or rectangular, 
especially in varieties in which the 
silica cells are few in number or 
wanting. They may also be trapezoidal, triangular, or niucli elon- 
gated (pi. 1, A) with end walls square or pointed like thick-walled 
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h<yi*s (fig. 4). These elongated colls are placed by Mameli de Calvino^ 
in a special class; they are, however, only an extreme type of cork cell. 
The walls usually stain with chloroiodide of zinc a golden yellow, while 
the lumen often contains silica. Sometimes the walls of these elon- 
gated cork cells are very thick and heavily infiltrated with silica so 
that they appear a glistening white in the preparation. The cork cell 
of a group in whatever form it occurs always lies vertically above the 
silica cell. 

The silica cells are very uniform and i^ually rectangular with the 
long diameter parallel to the long axis of the stem. (PI. 1, A, sc.) 
Occasionally they are broader than long, oval, or even round. In 
surface view they appear biscuitlike with slightly oveulianging mar- 
gins. The cells are practically solid, though in the center one com- 
monly observes small air spaces often arranged in a row and contain- 
ing some refractory material, the remains of the protoplast. 

C\)mparatively few stomata are found in the epidermis of the stem, 
though there are varietal differences of which significant us('i <‘an 

be made in classification. 
The structure of the sto- 
ma is normal except that 
its cells become strongly 
silicified, remaining pure 
white in tlu^ preparation. 

THE EPIDERMIS OF CER- 
TAIN VARIETIES 

I) 71 

The variety 1) -74 
stands more or less l)y it- 
self because of the small 
size of its epidermal (*ells. 
(Fig. 5.) There are be- 
tween 90 and 130 rows of 
long cells in a square mil- 
limeter, so that the aver- 
age width of the <*ells 
varies from 7.7 At to 11,1 /x. The number of short-cell groups in a 
square millimeter reaches 1,112 or more. Because of the large 
number of short cells, the long cells also are relatively short. However, 
the vaiiation in length is so great that the determination of a mean 
value would have little signifi(;ance. The short cells in section appear 
square, rectangular, or trapezoidal, and occasionally pointed. Some- 
times they occur in pairs with one member of the pair a cork cell, the 
other a silica coll; sometimes the cork cell stands alone. The number 
of s^mata varies, but as many as 14 have been counted in a micro- 
scopic field covered by a 16-mm. objective and a No. x 6 ocular, or an 
area of 2.4 sq. mm. 

LOUISIANA PURPLE 

In the Louisiana Purple variety also there is a preponderance of 
abort cells (fig. 3), for as many as 928 were counted in a square milli- 
meter, and, since they are comparatively large, their total area 
equals that of the long cells and may even exceed it. This fact becomes 

’ Op. oit., p. 179. (See footnote 4.) 
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evident at once if ono views the epidermis under low juaj^iiifieation. 
There are, on an average, 100 rows of long cells in a-scpiare milli- 
meter, so that the average cell width is about 10 ju. The long cells 
are, on the whole, comparatively short and their end walls are usually 
transverse*. The cork cells are reniform, square, or pointed, but 
haiiiike cork cells are rare. The short cells appear most often in 
pairs or double paii*s with one member a cork cell, the other a silica 
cell. The number of stomata varies with the micros(‘opic field. At 
most, however, therc^ are only one or two stomata in a field. 



Fiouhk 3.— Epidermis of Ivotiisiana Turple. X IrOOO 


YELLOW CALEDONIA 

The Yellow^ Caledonia varii^ty is characterized by the partial or 
nearly complete absence of silica cells, a fact which makes it very easy 
to recognize, especially if one takes other characteristics into con- 
sideration. The pattern of the epidermis, viewed under low power, 
seems to vary. Sometimes the long cells are very rt^gular in length and 
width; again the cells are vMiousIy shaped. Commonly, however, the 
long cells are rather narrow, there being 110 to 120 rows in a square 
millimeter, so that the width of the individual cell is on an average 
only 8.3 to 9 y. The number of short-cell groups is about 800 in a 
square millimeter; the cells are trapezoidal, often pointed and hair- 
like. The cork cells are found singly or in groups, sometimes in pairs 

15301—30 3 
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with one member a silica coll. In general, however, silica cells are 
fe>> in number. With low power one notices longitudinally disposed 
rows of epidermal cells which possess thicker and more strongly silici- 
fied walls than the neighboring rows. The lumen of the colls often 
contains silica. Stomata are also quite rare, since never more than 
one is observed in a microscopic field. 

O. J. 2714 

The pattern of the epidermis of P. O. J. 2714 is very uniform and 
the cells themselves are regular. There are about 94 rows of long 
cells in a square millimeter, so that their average width is 10.6 m- 
The number of short-cell p’oups is 816 to 916, which closely agrees 
with the previously described varieties. The long cells are ajit to 
vary'considerably in width. Since their walls are of medium thick- 
ness or less, these cells have a comparatively broad lumen and 

appear to be wider than they actually an». 
A comx)aratively large number of the long 
cells are filled with crystal sand. Tlii^ 
short-cell groups contain in most cases only 
one type of cell, the cork cell. Because 
of the absence of the silica cell, the cork 
cell very often stands alone; occasionally 
the cork (^ells appear in twos and even 
threes. When solitary the cork cell is rec- 
tangular or trapezoidal; in association with 
other cork cells it is shorter and sometimes 
pointed. Stomata are rather common, 
although their distribution is erratic. One 
often counts as many as 10 or more in a 
microscopic field. 

U. S, 75f) 

IT. S. 759, which is relatively thin stalked 
as compared with the varieties described 
above, possesses an epidermis made up of 
comparatively large cells. The epidermal 
pattern is remarkably uniform. There are 
72 rows of long cells in a square millimeter, so that their average width 
is 13.6 The group of .short cells is also greatly reduced in number, 
there being only 428 to 440 in a square millinieter as contrasted with 
1,000 or more in D-74. The long cells are very uniform and possess 
transverse end walls. The calcium oxalate cells occur singly or in 
groups and are readily recognized by their glistening contents. The 
composition of the short-cell groups is similar to that in the preceding 
variety. The short cells appear in pairs (fig. 6) or the silica cell is 
wanting. The distribution of the vStoniata is erratic. Sometimes two 
are counted in a microscopic field; sometimes not even one. 

P. O. J. 36 

The P. O. J. .seedlings that have Chunnee as the male parent 
are characterized by an epidermis in which the elongated or pointed 
corkjcells are conspicuous and in which the epidermal pattern is more 
or less irregular* 



Figure 4.“-Epi(lerrnis of I’. O, J. 213. 
X 330 
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The epidermis of P. O. J. 36 is (|uite irregular. The long cplls 
appear narrow, more or less curved, and the end walls are often 
pointed. There are 74 rows of 
long cells in a square millimeter, 
their average, width ])eing 13.54 
fjL. The number of short-c.ell 
grou])s varies greatly and is dif- 
ficult to estimate. The cork 
cells arc (piite irregular, often 
pointed and hairlike. Tlu^ dis- 
tribution of stomata is as irreg- 
ular as in the other varieties. 

There are on an average 5 in a 
microscopic field, though as 
many as 12 have been counted. 

P. O. J. 213 

The epidermis of P. (). J. 213 
is commonly very irregular and 
contains many elongated or 
liairlike cork cells. (Fig. 4.) 

The long cells have oblique or 
transverse end walls and are often 
of considerable length. Tliey 
appear quite narrow, but actual 
(’ounts show that there are on 
an average SO rows of long cells 
in a scpiare millimeter, so tliat 
their average width is 11.25 g. 

The short c(‘lls appear in groxips 
of 10 or more, one member of 
the group a silica cell. While 
the silica (*ells have the normal 
rectangular form characteristic 
of all varieties, the cork cells are 
variously shaped; and, since 
many of them are considerably 
elongated, the entire area they 
cover is at least equal to that 
covered by the ordinary epider- 
mal or long cells. The actual 
number of short-cell groups in a 
square millimeter is approx- 
imately 372. Stomata are rare, 
usually less than one in a 
microscopic field. 

P. O. J. 234 

Compared to the variety just 
described, which it resembles 
greatly, P. O. J. 234 [)ossesaes 
a much more regular epidermis. 

The long cells are uniform 



Figure 5.— Epidermis of D-74. X 330 


and commonly have rectangular cross walls. There are 80 rows 
in a square millimeter, so that the average width of the cell 
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is "W. 2.5 /X. The number of short-cell groups is greater than in the 
former variety, there being between 376 and 484 in a square milli- 
meter. The groups of short cells are made up of both cork cells and 
silica cells. The cork cells, though of somewhat variable form, arc 
much less conspicuous than those of P. O. J. 213. The cells are inore 
or less rectangular, though there is a tendency for tluun to be trian- 
gular and even hairlike. Stomata, however, are more abundant, 
there being on an average four in a microscojuc field. 

KASSOER 

The epidermal pattern in the Kassoer variety also is quite regular. 
(Fig. 7.) The long cells are relatively short, but sometimes much 



Fiouee 6,— Epidermis of U. S. 759. X 330 


elongated; their end walls are typically rectangular but occasionally 
pointed. There are on an average 75 rows of long cells in a square 
millimeter, so that the average width of the long cdls is 3.3 m* The 
short cells are in groups of two or more, but the silica cell is occasionally 
wanting, so that the cork cells are solitary. ()c(jasionally a silica cell 
stamis alone Between the long epidermal cells. The number of 
short-cell groups in a square millimeter varies from 364 to 480. The 
shape of the cork cell is commonly broadly reniform; occasionally the 
cells are rectangular, more often pointed and hairlike. The distri- 
bution of stomata is erratic, there being on an average one or two in a 
microscopic field. 

tJ. S. 663 

The epidermis of variety U. S. 663 appears very regular. (Fig. 8.) 
The long cells are uniform and have straight, sometimes pointea end 
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walls. There are SO rows of hmg: cells in a square millimeter, so that 
their average width is 12.5 /i. 

The number of short-cell f^roups 
varies, there beinj>; from 480 to 
540 in a square iiiillimetcr. The 
cork cells are reniform, some- 
times rectangular, sometimes 
pointed, and occasionally hair- 
like. The short cells occur in 
pairs; often, however, the silica 
cell is wanting. There is com- 
monly oiK^ but sometimes as 
many as live stomata in a micro- 
scopic Held. 

U. S. 833 

The epideiJiiis of V. vS. 833 re- 
sembles that of U. S. ()03, except 
that the long cells are relatively 
short.. The pattern is very uni- 
form. There are 75 rows of long 
cells in a scpiare millimeter, so 
that their average width is 13.3 fx. 

'Phe number of short -cell p’ou])s 
is very uniform, there being on 
an average 656 in a scpiare milli- 
meter. The cork cells are usu- 
ally reniform, occ.asionally scjuarc 
or pointed, sometimes hairlike. 

The short cells occur in pairs 
with one member a cork cell, 
the other a silica cell. Stomata 
are numerous, with as many as 
1 5 in a microsco])ic Held . 

CAYANA 

The pattern of Cayana is fairly 
uniform. (Fig. 2.) The long 
cells appear comparatively broad 
and short, but often they are 
quite elongated. Their end walls 
are usually rectangular. There 
are 75 rowrs of long cells in a 
square millimeter, so that their 
average wddth is 13.0 The 
number of short-cell groups 
averages 644 in a scpiare milli- 
meter. The cork cells are uni- 
form, sometimes rectangular, 
sometimes pointed. They are 
usually joined to silica cells, but 
the latter may occasionally be 
wantmg so that the cork cells stand alone. Stomata are rare, but 
occasionally four to six are counted in a microscopic field. 



Fiouke 7.— Epidermis of Kassoer. X 
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epidennis of the Chunnee variety is corn posed of small cells 
with an average diameter of 7.6 //. It has, however, only 504 groups 
of small cells in a square millimeter. It differs in this respect from 
variety D-74, which, besides having narrow epidermal cells, has 
also a large number (over 1,000) of groups of small cells. The pat- 
tern of the epidermis is very uniform, with silica and cork cells in 
typical pairs. Stomata are infrequent. 

SACOHAUUM SPONTANEUM 

Although Saccharu7n spontaneum^ like Chunnee, is a thin and fibrous 
cane, the epidermis is made up of large cells (fig. 9, A) with an average 
width of 12.5 The number of short-cell groups is small, rarely 

exceeding 400 square millimeters. Silica 
cells are usually wanting, but stomata (fig. 
9, B) are comparatively abundant. 

DISCUSSION 

The variations in epidermal structure, 
as shown in Table 1, fall into two 
classes-* -qualitative and quantitative. 
Qualitative differences consist in the ab- 
sence of silica cells and of elongated or hair- 
like cork cells. In the last analysis, how- 
ever, those also are quantitative variations, 
since there is rarely a (‘omplete absence 
of either type; but even the partial ab- 
sence of silica cells presents a picture so 
striking that some varieties could be rec- 
ognized by this character alone. This is 
true, to a lesser degree, of the elongated 
or pointed cork cells also. There are va- 
rieties in which they are pra(dlcally absent, while in others, especi- 
ally P. O. J. 213 and 36, they are so abundant that one would 
experience little difficulty in identifying the variety. Among quanti- 
tative variations are the width and length of the long epidermal 
cells, the number of short-cell groups in a unit area, and the distri- 
bution of the stomata. 

The variation in the width of the epidermal cells often aids in the 
separation of varieties when other diagnostic characters fail. It is 
important, however, to estimate correctly the average width of the 
cells. This may be difficult in varieties which have an irregular 
epidermis, as for example, P. O. J. 36. One can calculate the average 
width of the long cells by counting the number of rows in the micro- 
scopic field and dividing the diameter of the field by that number; 
more •accurate counts, however, are obtained by projecting the 
stained preparation on a white screen. The thickness of the walls 
of the epidermal cells is more or less uniform. As a rule, a narrow- 
celled epidermis, as for example in D-74, has comparatively thin 
walls. The type of undulation of the walls also varies in the dif- 
ferent varieties, as can easily be seen in the accompanying figures, 

A certain ratio exists between long-cell and short-celi areas which 
©an be calculated by detennining the number of groups of short cells 



Fk’.tkk 8 -Epidormis of V S. 60,^. 
X r>0() 



Doc. IT), I<i30 


863 


Study of the Stem Epidermis of Sugarcane 

in a unit area. It jmist ]) 0 . homo in mind, liowovor, that in varioiies 
with singlo-ooll j>;roups, that is, wlioro tho silira colls aro wantinf^,‘^ho 
area of short cells will bo loss, while in varieties with a largo number of 
elongated oi hairlike (U)rk cells this area will be greater than the cal- 
culated value. 

The distribution of stomata, although erratic, offers a vahial)le 
diagnostic character. (). J. 213 and P. (). J. 234 are much alike in 



Kkjure 9 - Kpulornns of Saccharum njumtaneurn: A, Showing solit-Hry cork cells. X •‘'•OO. B, Showing 
a sloina ami pitting of the cork cells X J,000 


the appearance of the epidermis; the former, however, has only one or 
two stomata per microscopic field, while the latter has from four^to six. 

In order to trace grouj) relationships and analyze the parental 
influence in the various crosses, it would be necessary to examine the 
epidermis of a large number of canes, especially the early parent types. 
It would be of interest to trace the development of the elongated or 
hairlike cork cells back to the ancestral forms. All P. O. J. canes 
examined, with the exception of P. O. J. 2714, possess this type of cell. 
The male parent of these varieties is Chunnee and the female parents 
are Louisiana Purple and Gestrept Preanger, respectively. Neither 
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of the parents possesses the elongated cork cells, and it might be 
inferred that* this cliaracter belongs to some earlier ancestor. In 
Kassoer and the U. S. seedlings these pointed cork cells are practically 
absent. At the same time these varieties exliibit in a greater or less 
degree a suppression of the silica cells, causing many of the short-cell 
groups to be composed of solitary cork cells. These two characters — 
that is, absence of elongated cork cells and suppression of the silica 
cells — are most- significant in the epidermis of Saccharum spontaneum^ 
a distant male ancestor of these varieties. The distribution of sto- 
mata is anotlier character that delies a ready analysis. There appears 
to be no correlation between the number of stomata and the size of 
the epidermal cells. In D-74, which is the smallest-celled variety 
studied, the number of stomata is comparatively large, while in 
(hunnoe, which also possesses small cells, stomata are rare. 
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The following key affords, in a restricted vsense, a means of identi- 
fying sugarcane varieties and hybrids of Saccharum officinarum and of 
tracing group relationships. It is as yet limited in its sco})e becausi* 
of the restricted number of varieties studied, but its field of usefulness 
may be increased by extending the investigation to all important 
varieties. 

KEY 

1. Epidermis small-celled. Number of short-cell groups exceeding 20 iier 
microscopic field (2-mm. oil-immersion objective and No. 6 eyepiece cover- 
ing an area'of 0.025 s(p mm.). Average wddth of elongated epidermal cells 
ftiostly below 10 

1. Elongated ))ointed cork cells numerous .Yellow Caledonia, 

2. Elongated cork cells wanting or few in number. 

A. Cork cells often solitary F. 0. J. 271,^. 

B. 8hort-ccll groups usually in pairs or double pairs with one member of 

the pair a cork cell, the other a silica cell. 

a. Stomata numerous D- 7j^ 

b. Stomata scarce Louisiana Purple. 
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JI. EpidcM’jyus larg(‘ celicd. iNiiinluT of sliorl-coll groups 10 or loss per micro- 
scopic field ^ 

1. Elongtited cork cells more or less cons[)icuous. 

A. Stomata rare. . _ - . - . P. (). J , '£Ui. * 

B Stomal a numerous. 

a. Elongated cork cells abundant; 5 12 stomata per field (IG-mm. 

objective, No. (> eyepiece).-, ..P.O J.HtL 

b. Elongated cork cells less conspicuous; stomata 4 6 per field 

.. .. P. 0. J. 2131 

2. Elongated cork cells few in number or wanting. 

.A. Stomata scarce, rarely more than one per mi(U‘osco})ic field. 


a. Solitary cork cells numerous. _ V. S. fSflii 

b. Solitary cork cells less evident. 

(1) Distribution regular .. . Kassaer. 

(2) Distribution erratic U. S. 

B Stomata numerous . U. S. 833. 


SUMMARY 

Tlie stein epidermis of siipircaiie ean be removed for study by tlie 
use of potassium chlorate and nitric acid, and its component structures 
different iatod by staining; with chloroiodide of zinc. 

The epidermis is composed of ordinary or ^Mong;^' cells and of 
‘\short c(dls. The latter occur commonly in pairs with one member 
a cork cell, the other a silica cell. The silica cell is biscuit-shaped, 
varies little in size and form, and may be wanting. The cork cell is 
reniform, rectangular, (rai)ezoidal, or elongated like a hair. The 
occurrence of elongated cork cells is more or less restricted to certain 
varieties. Stomata are very rare in some varieties, less so in others, 
and always erratic in distribution. 

Since the structure of the epidermis is characteristic of the variety 
and since its composition appears to be little influenced by environ- 
mental factors, it is useful in identifying varieties. 




CHROMOSOME BEHAVIOR AND POLLEN PRODUCTfON 

IN THE POTATO ' 

By A. E. Longley, Associate Botanist, Biophysical Laboratory, and C. F. Clark, 

Associate H or li cult arista Office of Horticultural Crops and Diseases, Bureau of 

Plant Industry, United States Department of Agriculture 

INTRODUCTION 

The propagation of potatoes from seeds is seldom resorted to by 
the commercial grower, asexual reproduction by means of tuber 
(‘uttings l)eing the universal practice. Seeds, however, have been 
niu(di us('d by potato breeders as a means of producing new varietes 
because of the wide range of variability which has been found to 
occur in the progenies produced in this manner. 

It is generally known that seed production in the potato is the 
exception rather than the rule. Numerous investigations have been 
made to determine the reason for the nonfruitfulness of potatoes. 
East (>^)," Dorsey (3), and more recently Breeze (1) found that there 
is a great variation in the amount of viable pollen produced by 
different varieties of potato and that in many of them there is a 
large percentage of defective pollen. Stout and Clark (IS) made an 
(‘Xtensive study of pollen conditions both in wild potato species and 
in cultivated varieties. In the wild species they generally found 
abundant viable pollen, while among cultivated varieties they found 
very few that produced an appreciable amount. 

Pollen studies show the plant breeder that the lack of viable pollen 
is largely responsible for the nonproduction of seed in potatoes, but 
he is still in the dark as to the cause of the high percentage of abortive 
pollen. For this reason the writers undertook to investigate the 
pollen mother-cell devclopimuit of the cultivated potatoes and their 
allies. 1 1 was lioped that such a study would (1 ) give a more complete 
{)icture of th(» sterility problems that confront the potato breeder, 
and possibly indicate why cultivated potatoes differ so markedly from 
wild species in their ability to produce viable pollen; and (2) show 
whethei* varietal differences are associated with chromosomal differ- 
ences and whether anything in the number or behavior of the chromo- 
somes would give a clue to the ancestry of the cultivated potato. It 
was believed that information on these points might be useful to 
potato breeders. 

MATERIAi;^ AND METHODS 

This study treats of the number and meiotic behavior of chromo- 
somes in tuber-bearing forms of Solanum. These, forms came 
originally from widely different sources and belong to the section 
Tuberarium of the genus Solanum. Cytological material was col- 
lected from 2 unnamed seedlings and 38 commercial varieties belong- 
ing to the group known Smanum tuberosum L. and from 11 wild 
forms referred to 10 distinct species. 

* Received for publication July 24, 1930; issued Decjemher, 1930. 
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Tha buds from which material showing the developing pollen 
motner cells was taken were collected, with few exceptions, at the 
Aroostook Farm of the Maine Agricultural Experiment Station at 
Presque Isle, Me., in the plots grown under the supervision of the 
Office of Horticultural Crops and Diseases of the Bureau of Plant 
Industry, United States Department of Agriculture. 

Material was collected during the latter part of July in the years 
1928 and 1929. The collections wore made during the warmer part 
of the day, and acetocarmine preparations wore made at once from 
fresh material. Other material was kilh^d in Carnoy's fluid and 
brought to the laboratory at Washington for future study. 

The preparations in acetocarmine made from fresh matenial were 
Jiiost satisfactory for studying chromosome numbers. The killed 
and ilxed material was useful, liowever, in studying the general type 
of divisions and the character of the tetrads tyf)ical of the different 
varieties. 

The collecting of material in two different seasons made it possible 
to compare the behavior of a variety grown in slightly (lifl'erent- 
environments. 

Camera lucida drawings and photomicrographs w(n-(^ made of 
characteristic iigun's observed in the preparations. A Leitz bfi apo- 
chromatic oil-immersion lens and X 8 and X 15 oculars were used 
throughout these studies. 


CHROMOSOMES IN WILD SPECIES OF SOLANUM 

Plants are freipicntly found in which the somatic chromosome com- 
plement is made up of more than two intermingled sets. Su(‘h plants 
are spoken of as being polyploid. Tlie term “polyploid” is not 
restricted to plants known to have more than two homologous chro- 
mosome sets, but. is frequently applied to forms in which the chromo- 
some number alone is the only suggestion of the presence of several 
sets of chromosomes. It is in this sense that the present writers use 
the terms “triploid,” “tetraploid,” etc. 

Eleven wild Solanum forms shown in Table 1 have their diploid 
chromosome numbers in definite multiples of 12. Since no Solanum 
species has been found with less than 12 as its haploid or less than 
24 as its diploid chromosome number, these are considered the basic 
chromosome numbers for the genus, and the species with 36, 48, and 
72 somatic chromosomes are spoken of as being triploid, tetraploid, 
and hexaploid, respectively. 

Table 1, - Chronumnne uumherH m mild forms of potato 


Nminj 


Soliinum caltlasiL,- 
Splanum ealdasu gUibrfsct'tis 
Solanum chauocnst? . . . 

Solanum jrtino.sil 


I Uaploid 
('hrornosonn* I chrorno- 
class ' some 
1 number 


Diploid.. 


12 

- . do 


12 

do ... 

! 

12 

do. 


12 


Solanum iwlyadenium . . 

Solanum eardiophylliini f. coyoacaiiunK 

Solanmn coramcrsonii- .. . 

Solanum ajuscoensc 

Solanum autipovichi . . , 

Solanum fondled 

Solanum demlssum 


. do 
'J'nidoid 
. . do . 


Tetraploid 

do 

.do 

Hexaploid. 




12 I 

18 I 
18 ' 
24 I 
24 
24 I 


Investigator 


Vilinonn and Sunonet (^o, 21) 

Present wnters. 

Smith {17), present writers. 

Vilmorin and Simonet (iO, 21), Smith 
(17): present writois 
Present writers. 

Do. 

Do. 

Do. 

Do. 

Smith (/7); present writers. 

Do. 



Dec ir,, 19 S 0 Chromosome Behavior and Pollen Production in Potatoes 869 

Chromosome counting is frequently a difficult problem. Fon ihis 
reason gmnctic cells, in which the reduced or haploid chromosome 
number is found, are most often used by cytological investigators. 
The present study of (‘hroniosoine number has been for the most part 
confined to the developing i)ollen mother cells. 

The four wild forms Solanum caldasii (jlahreficem^ Dunal, S, cha- 
coense Bitter, S. jamesii Torr., and S. polyaden/ivm Oreenm. have 12 
as their haploid chromosome number. A and B of Figure 1 show 
first-division metaphases of S. raldasii gJabreticerhs and S. polyadenium, 
respectively. A second-division metaphase of S. chacoense is illus- 
trated in Figure 1, C. All four species show regular pairing and dis- 
tribution of chromosomes during the nieiotic phases of their pollen 
mother-cell dovelo])ment. 

The chromosonu^ behavior during the reduction divisions of Fj 
and F 2 hybrids between the two species Sohu^vm caidasii glahrescens 
and S. charoe/ise was studied. In both generations there was a regular 
])airing of the chromosomes, and a large percentage of the chromosome 



KniruK 1 -Collcn nioUu'i cells fi(»in diploKl species aiid liyluKls A, 1). and F, Fiisl-division 
jnctaphase in Sn/nntim culdnm gfnbrfHvem, S polpadenfu rn, S. fuhenmt m S. A .'Wfl, and N caldasu 
nlahrt'scfn<< X N chnconisc, lespeetiveh . K, and O, Second-du ision luetaphnse^ of ckacofiisr, 

S, tuhenhwm S. A 3:9*, and .S' caldasti glnhresci'ns X <5) chacoetiar. lespectavely X 2,(KKi 

tetrads were normal in appearance. Figure 1, F, shows a first- 
division metaphase from an Vi hybrid, in which 12 bivalent chromo- 
somes are arranged on the plate. Figure 1, G, is a second-division 
rnctaphase from an F 2 hybrid; in both plates the 12 chromosomes 
are clearly shown. 

Two wild forms, Solanum cardiophyllum f. coyoacanum Bukasov and 
S. commerso7iii Dunal, were found to be triploid, with 18 as their 
haploid chromosome number. In any preparation from either of 
these species there w^ere very few cells that showed a regular^airing 
of all chromosome units. The number of paired chromosomes varied 
from 12 to 18, with a corresponding variation in the number of univa- 
lents. Figure 2, A, shows a first-division metaphase of S. cardio- 
phyllum f. coyoamnum with 8 univalents and 14 bivalents; B shows 
a cell of S. com mersonii with 4 univalents and 16 bivalents; and 0 is a 
second-division metaphasc of the latter species showing unequal 
numbers of chromosomes in the two plates and two exfruded chromo- 
somes. 







870 Journal of Agricultural Research voi. 4i, no. 12 

'iThe chromosome behavior of both of these forms is that usually 
resulting when two sets of incompatible chromosomes, or when two 
unequal chromosome sets, attempt to pair in the early phases of the 
first division of a hybrid plant. It is almost identical with the meiotic 
behavior of the artificially produced triploid hybrid described in the 
following paragraph. 

Material from an Fj hybrid between Solanurn fendleri with 24 
chromosomes and S. chacoense with 12 gave a chromosome behavior 
typical of a plant hybrid combining two unequal sots of chromosomes. 
Figure 2, D and are two first-division meta.phascs showing both 
paired and unpaired chromosomes. The bivalent chromosomes 
behave normally, but the univalents are distributed undivided at 
random in the fii'st division, and frequently a few fail to be included 
in the two daughter nuclei. Figure 2, F, shows a second-division 
metaphase with 1 8 chromosomes on each plate. Many cells, however, 



Fkjure 2.-— Pollen mother eells from triploid forms and hybiids. A and P, First -division 
raetaphases in Solanurn cardtophyllum f coyaacanum and .S. commeranmi, respectively 1) and 
E, First-division metaphases in S.fendlert X S. chacoense, face view and side view, respectively. 

C and F, Secxind-di vision metaphasi's in S. commeraonii, showing two chromosomes in the 
cytoplasm, and S. fendleri X S, chacoenae, respectively. X 2,000 

at this phase show unequal numbers on the two ])Iates, and later 
phases frequently show smaller chromosome groups in addition to 
the four major groups. 

Three wild species, Solanurn fendleri Gray, S. ajuscoense Bukasov, 
and S. aniipovichi liukeiSOYf were found to have twice as many chromo- 
somes as the diploid species. A, B, and D of Figure 3 show first-division 

^ ' EXPLANATORY LEGEND FOR PLATE 1 

A and B.— First-division metaphases in Prince Albert and seedling No. 43752, resi>ectively. 

C and D.— Interkineses in Keeiier and Prince Albert, resiiectively. 

K.— Second-division metaphases in Keeper. 

F and G.-* Second-division metaphases in McCormick. 

11 .~*Second-di vision anaphases in Keeper. 

[.-"Tetrads in seedling No. 43752. 

.1, K, and L.— First-division metaFihases in Solanurn demisaum, S. tuberosum S. A. .302, ami iS\ cqldaaii 
glabreseens X chacoense, respectively 

M.— First-division anaph^e in S. antipovichi. 

N and O.— Second-division metaphases in S, caldasii glabreseens X S. chacoense and S. tuberosum S. A. 302, 
respectively. 

p, Q, and R.-— Tetrads in S, antipovichi, S. demissum, and tubemum S. A. 302, respectively* 
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nietaphases of these three species, in which 24 chromosomes may,J)e 
counted. There was very little difficulty in obtaining good figures of 
both the reduction divisions in all three species, although S. ajuscoevse 
showed consid(‘rablc irregularity. Figure 3, C, illustrates a regular 
second-division metaphase of S. ajuscoense; the lower plate shows a 
side view, the upper plate a face view; in the lattcu* the 24 chromosomes 
stnnd out distinctly. 

Only one species, Solanum demi^isum, Lindl., was found to have 36 
as its haploid chromosome number. Figure 3, E, shows a first-divi- 
sion metaphase of a pollen mother cell from this form, in which the 
number is clearly distinguishable. The rneiotic behavior of the chro- 
mosomes is regular and leads to the production of normal pollen 
tetrads. Smith (1?) has found the same number for this species and 
reports nothing abnormal in its chromosome behavior. 

Plate 1, J”ll, is a series of photomicrographs illustrating the charac- 
ter of the iirst and second reduction-division phases in a grou]) of 
regular-behaving ])otatoes, most of which are from the foregoing wild 



P’lGURE 3 -Collen m')Uier cells from tetraploid ami hexaploifl species. A. H, L), and K, P’lrst- 
dl vision nifita{)hascs in Solanain antipovicki, S ajuseneme, S fendleri, nmi S demutsum, respec- 
tively. (’, Second-<li\ isioii nictaphase in .S, ajuscoensc, X 2,009 

species. J is a side view of a first-division metaphase of Solanum 
demissuin in which the clmomosomes ai’e lying uniformly on the plate ; 
L shows both face and side Views of first-division metaphases of 
S, caldasii glabrescens X S. chacoense in which the chromosome pairing 
is regular. M shows a first-division anaphase and a 4-celled tetrad 
of S. antipoinchi. N shows seeond-djvision metaphases and anaphases 
of S. caldasii glabrescens X S. chacoense which give no indication of 
irregularities in the second division. P and Q show tetrads of S. 
aniipovichi and S, demissurUf respectivelv. The chromosome be- 
havior of any of these species is seldom irregular, and the tetrads 
usually appear normal. 

This study of chromosomes in wild species of Solanum has shown 
that forms with an even multiple of the basic chromosome mimber, 
except possibly S. ajuscoense^ have a regular rneiotic behavior re- 
sulting in the "production of 4-celled tetrads and that each cell of the 
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tiVmd receives the same number of chromosomes. The chromosome 
behavior in the two triploid forms, however, suggests that they are 
hybrids in which two unequal chromosome s,ets or throe chromosome 
sets have been brought together. The presence of univalent chromo- 
somes results in an abnormal distribution of chromosomes to the 
daughter cells during pollen formation. The chromosome behavior 
of the two triploid forms is very similar to that described for the S. 
fendleri X S. chacoense hybrid, in which the chromosome sets of the 
two parents were unequal (possibly the female parent had two sets 
and the male one), and causes abnormal meioses typical of a hybrid 
of this type. 

The second hybrid. Solarium caldam glnbreftcenft x S. chacoense, 
in which tw'o equal chromosome sets were combined, showed nothing 
of an incompatible nature when the chromosomes of the two distinct 
species w’ere brought together during meioses of the developing pollen 
mother cells. 

CHROMOSOMES IN CULTIVATED POTATOES 

Determinations of the chromosome number in 40 cultivated 
forms (Table 2) of Solannm fuberosuni have shown that all except, 
three yellow-lleshed varieties from South America have 24 as their 
gametic chromosome number. A study of the meiotic jihases of these 
tctraploid varieties, however, show that very few' of them have a 
regular chromosome behavior during pollen formation. 



Table 2. Cell chai act^nstics G.s^xocitift'd K'Uh poUf'H MfTilitif iti culiivcifed potatoes {Solatin fti t obcrosiuti) 
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Groups as defined in text, p. 876. 
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The chromosomes of three yellow-fleshed varieties (Nos. 302,5350^ 
and 345) were veiy easily counted. The 12 bivalent chromosomes 
were frecfuently seen ai*ran^ed on the metaphase plate of the first 
reduction division. (Fig:. 1, D, and pi. 1, K.) The chromosomes 
divide regularly in both i‘(Hhi(‘tion divisions of the developing pollen 
mother cells, and counts could also be mad<' when the chromosomes 
were on the meta])hase ])lates of the second division. (Fig. 1, E, and 
])1. 1, O.) It was exceptional to find univalent chromosomes at diaki- 
nesis, or unecpial distribution of the chromosomes to the four nuclei 
of the ])ollen tetrad. 

The chromosome behavior of the remaining 37 varieties ^as 
fre(|uently so variable that chromosome (‘ounts were often made with 
difficulty. Whenever both imivalent and bivalent (‘hromosomes were 
present it w'as necessary to distinguish between the two types in order 
to make counts accurately, Becau.se of the small size* and the large 
number of chromoscunes there was danger of making mistakes. 
Root-tip material from four varieties — McCormick. (Ireen Mountain, 



Fkjure 4 cells from four potato ^arletle^, each sho%Ning 48 somatic chromosomes. A, 
Early Rose; B, Charles Downing, McCormick, 1). Oreeii Mountain X 2,()(K) 


Early Rose, and Charles Dowming — w as prepared and somatic counts 
made. A to D of Figure 4 slmw representative cells from the four 
varieties, in which 4(S somatic chromosomes are distinguishable. 

Pollen mother-cell preparations of all varieti(‘s showed chj’omosome 
numbers that left little doubt that they should be assij^ned to the 
tetraploid groui), and the somatic count of four representative varieties 
supports the conclusion that there is no variation in chromosomc^um- 
ber in the commonly cultivated varieties of potatoes. 

The meiotic behavior of the chromosomes in developing pollen 
mother cells in this tetraploid group of potatoes shows nothing of the 
constancy observed in the chromosome number, and abnormalities 
are so varied that each variety would recjuire individual examination 
to picture accuratel}^ the varying methods of pollen formation char- 
acteristic of it. On the basis of variation in chromosome behavior, 
the tetraploid varieties have been separated into four groups, as fol- 
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-low?;, both for convenience and to emphasize the different types of 
irregularities. 

Group 1. — Varieties in which there are frequently some unpaired chroniusonies 
among the bivalents, l^ut in which both the first and second reduction divisions 
usually occur. 

Group 2. — Varieties in which there are frequently some unpaired chromosomes, 
w'ith an occasional cell showing no pairing, and in which there arc some cells that 
go through one division only. 

Group 3. — Varieties in which pairing is variable and in which jxdlen im^ther 
colls rarely go beyond one division and a number of the cells show no pairing of 
chromosomes. 

Group 4. — Varieties in which a large percentage of the cells show the somatic 
chromosome number and in which true meioses are frctiuently absent The 
nucleus degenerates in the prophase or metaphase and the ceil divides in an 
amitotic manner. 

The seven varieties — Keeper, Garnet Chili, Never Kot, J^rinec* 
Albert, two seedlings (Nos. 43225 and 43980, selected iHumuse of their 
fertility), and McC\)rinic‘k — fit best the conditions descrilxul for 
Group 1, although McC^u’mick in 1929 <*aine nearer the conditions 
described for Group 2. 

Each of the foregoing varieties gave suitable material from whieli 
chromosome counts could be made in metaphases t)f both the first 
and second reduction divisions. Figure 5, 1), is a metaphase of the 
first-reduction division of McC\)rniiek, showing 24 bivalent chromo- 
somes. E and F of Figure 5 arc metaphases of the second division 
of Prince Albert and seedling No. 43225, res])ectiv(dy. In K both 
plates show 24 chromosomes, while F shoves 24 chromosomes in om* 
plate and an extruded chromosome in the cytoplasm which had failed 
to be included in the plate shown in side view. 

Although a majority of the pollen mother cells go through their 
reduction phases normally, unpaired chromosomes are often seen in 
the early phase?? of the first reduction division, and if some fail to 
be included in the two daughter cells there will be more than the usual 
four cells produced from a single mother cell 

Plate 1, A~T, is a series of photomicrographs that illustrate cluu- 
acteristic phases in chromosome distribution of i)lants ])elonging to 
this most regular group of tetraploid potato varieties. A and B a7*e 
first-division metaphases of Prince Albert and seedling No. 43752, 
showing side views of the chromosomes on the plate. It is exceptional 
to find in eithei* of these varieties univalents scatteivd on the s])indle. 
C and D are interkineses of Keeper and Prince Albert, respectively, 
showing for each cell two equal-sized i^u<*lei. E, F, and G are second- 
division metaphases of Keeper and McCormick — a phas(‘ seldom 
seen except in the seven varieties of this group. 11 shows second- 
division anaphases of Keeper, and 1 4-celled tetrads of seedling No. 
43752. It is difficult to photograph a tetrad with all four cells showing, 

t . 

EXPLANTATOUV nEOKNI) FOR PL\TE 2 

A.— Second-division inotaphases in Peachblow. 

B and C.— Two-cell, 3-cell, and 4-cell pollen groups in Peachblow. 

D. — Metaphases m Rimset Rural. 

E. — Metaphajjas in Blue Victor showing the regular plates in cells when all chroniosomas are unpaired. 

F. — Telophases in Russet Rural. 

G and H.— Telophases In Peerle.ss (Pearl) 

I.— Two-cell pollen groups in Dakota Red. 

JT, K, and L. — Metaphases in Charles Downing, many of which show no pairing of chromosomes. 

M, N, 0, and P.— Telophases m Prolific', C'harles Downing (N and O), and Cowhorn, re.spectively. 

Q. — Two-oell pollen groum in Cowhorn. 

R. “ -First-division metapnases in Solan um fendleri X «S. chacoense. 
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as tliQ^foiirth cel] is usually in a iliirerent plane frojTi that of the CNth<er 
three. 

Four v,arieties™ (irecn Mountain, Irish Cobbler, White Albino, 
and Feachblow -and also McCormick collected in 1929, lit the 
behavior described for Group 2. 

From 25 to 75 per cent of the pollen mother cells of the above-listed 
varieties pass through both reduction divisions in a fairly n^gular 
manner, except for the presence of univalent chromosomes, which are 
distributed at random or extruded. 

A and B of Figure 5 are first-division metaphases of Green Moun- 
tain and a variant of Green Mountain known as Giant Hill, respec- 
tively. The haploid number, 24, is shown, but it is exceptional to 
find a (‘ell with all chromosoim^s })aired. These cells, in wdiich all 
(‘hromosome-s are paired, are pictured because they show^ best the 



Kk.i »k 5 I’ollon inotlier fioiii \aru‘tie-> V, JJ, M?itl 1), Firsf-rliMsion iiietiiphasos of 

Oropn Moiirilaiii, (Jreon Mounlam (Ihiiil Hill, and MfC'orniirk, raspectively K, and F, 
Secotid-divihiou nu'ta phases in Oreon Mounlain < Jianf Hill, Prince \lhert, arnl seedling No 43225, 
resi)Cclivel> . X 2,(MK) 

true chromosome niunber for these varieties. A regular second- 
division metaphase of Green Alountain Giant Hill is illustrated in 
Figure 5, C. 

The chromosome behavior tHat separates these varieties from those 
of Group 1 is the oc'casional presence of a cell showing no paired 
chromosomes and the frequent appearance of (*ells in wdiich there is 
no second division, so that many pollen mother cells produce onl}" 
two pollen grains. Occasionally, however, chromosomes are c^strib- 
utod into three groups, or even more, giving conse((uently three or 
more pollen grains from cells that never make more than one division. 

Plato 2, A“C, shows three photomicrographs of Pea(‘hblow. A is, 
a second-division metaphase — a phase that is found much less fre- 
quently than in varieties of Group 1. B and C show pollen groups 
of this variety. The number of cells from a mother cell is variable, 
and these photographs show 2-cell, 3-cell, and 4-cell pollen groups 
that have been pro(luced by sister cells. 
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Group 3 includes the following IG varieties, and in all of th^ ^e the 
huinber of cells making both first and second divisions is less tnan 1 0 
per cent and in most varieties almost zero: , 


American Giant. 
Beauty of Hel)ron. 
Blue Victor. 

Dakota Red. 

Early Manistee. 

Early Ohio. 

Early Rose. 

Early Hunrise, Buist’s. 


Jersey Red Skin. 
Noroton Beauty. 
Peerless. 

Peoples. 

Queen of the Valley. 
Russet Rural. 

Scotch Rose. 
Triumph. 


Almost any preparation in which pollen mother cells of these varie- 
ties are found will contain some cells showing no chromosome pairing. 
These cells often afforded an opportunity to obtain chromosome 
(jounts in varieties in which regular pairing was seldom seen. In cells 
having both univalent and bivalent chromosomes it is difficult to 
count the chromosomes accurately, and the studies were made easier 
by the presence of cells showing no paired chromosomes. The number 
of cells containing the full somatic number varied in different varieties. 

r> and C of Figure 6 show two cells from a preparation of Beauty of 
Hebron, one having 48 small univalent chromosomes, the other 24 



Fkjuhk f). — I’ollen motiuir colls from iw)lato varieties A, Melaphase of Prolifh* showing no chro- 
mosome pairinji. 11 and C’, First -division metuphases of Beauty of Hebron showing 48 univalent 
chromosomes and 24 Invalent chromosomes, rftspectively. X 2,(X)0 


larger bivalent chromosomes. Two similar cells of Peoples arc shown 
in Figure 7, A and B. E and F of Figure 7 are cells of Blue Victor 
and Triumph, respectively, which have been crushed slightly to 
separate the chromosomes. They serve to compare the size of uni- 
valents and bivalents. In E there are 22 univalents that either 
failed to pair or have divided after pairing and 13 paired chromo- 
somes, while in F there are 23 paired and 2 univalent chromosomes. 

Cell division often follows immediately after a single division of 
the chromosome, and consequently a single pollen mother cell pro- 
duces only two pollen grains, except when the chromosomes are dis- 
tributed into more than two groups or when no division of the cell 
takes place, giving, consequently, from a single mother cell, one or 
thr^e or more pollen grains. 

in Plate 2, D-I, is presented a series of photomicrographs illustrat- 
ing the characteristic procedure in pollen formation of varieties of 
Group 3. D shows metaphase*;* of Russet Rural with paired chromo- 
somes on the plate and univalents scattered on the spindle. E shows 
two cells of Blue Victor in which there was no chromosome pairing; 
the 48 univalent chromosomes form a regular plate very similar to 
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lliat Wn in a’soinatic (*ell. F, G, and il sliow celLs of Mussel Jiflral 
and peerloRs before cell division lias taken place. Two or thre*^ 
niielei pwdueed from a^sin^le irregular nuelear division may be seen. 
I is a typical photograph, showing 2-e.elled pollen gronjjs of Dakota 
Red that have resulted from a single division of the })ollen mother cell. 

The fourth group includes (^harles Dcmning, Prolific, McChillock, 
(k)whorn. Perfect Peachblow, Russet Burbank, and wScotch Rose. 
Scotch Rose stands between Groups 8 and 4, showing characteristics 
sometimes of the one and sometimes ot the other. This variety, 
therefore, is included in both groups. 

The ()Utstanding characteristic of a group of (*ells from a i)repara- 
tion of any of the foregoing varieties is the ])revalen(ie of cells having 
48 unpaired chromosomes. One would be led to class these varieties 
as octoploid exce])t for the presence of cells showing paired chromo- 
somes, mixed with others showing no chromosome pairing. The 



RK 7 - I’ollen mother (*ells from potato varieties A, Metupliase from Peijplcs wshr)winK 22 bi\a- 
leiit find 4 iinualent iluomosomes, H, metapluise from Peoples .showing 4K umvalent chromosomes, 

(\ late metaidisuse from Charles l)o\Mimp, J). melapliase from .\reCiillock showing !(> uni\alent 
and 10 bivalent chromosomas; F, late metaphivse from lllue Victor showing umvalcut and bi\ alent 
chromosomes, F, metaphase from Triumph showing <!i\i<led and dividing chromosomes, X li.tKX) 

chromosomes in cells containing 48 chromosomes agree in size with 
the univalents in cells in which there is some pairing. The writers 
do not hesitate to idace thest 48-chromosome varieties in the tetra- 
ploid group, especialh^ since one representativt^ — the Charles Down- 
ing — was found to have 48 chromosomes in the root-tip cells. 

Very little can be said about the behavior of the chromosomes 
during the meiotic phases. Many cells do not show' clearly formed 
chromosomes, and others that do show' chromosomes fail to go feej^nd 
the metaphase. The chromosomes degenerate early, and the nulJeus 
divides amitotically at the time the cell is undergoing division. 

Figure 6, A, show^s a metaphase of Prolific wdth 48 chromosomes o^ 
the plate. C and D of Figure 7 aj’e also metaphases of Charles 
Downing and McCullock, respectively, which have both paired and 
univalent chromosomes. These three figures serve only to show the 
number and size of chromosomes. The behavior of most cells was so 
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ilii4 no single drawing could ])e given as typical. Many 
polldn motlier cells seemed to be in the early stages oi* degener ation, 
and only in a very small percentage of the cells was there a trye rneiotic 
division; there were no cases where cells went* into a second-reduction 
division, so that the least abnormal pollen mother cells made only 
two pollen grains. 

Plato 2, J“Q, is a series of photomicrogra])hs of some of the more 
regular-behaving cells from representatives of Group 4. J“~L are 
metaphases in Charles Downing showing: scattered univalents in cells 
in which there was some chromosome pairing and more regular plates 
in cells in which there was no chromosome pairing. M-P show cells 
of Prolific, Charles Downing, and Cowhorn just before cell division 
starts. Most of the cells have two nuclei; a few have three unequal- 
sized nuclei resulting from a single nuclear division. Q shows three 
])ollen groups of two cells each of C-owhorn. Such 2-celled groups arc 
typical of varieties of this group whenever the pollen mother cell has 
divided. Groups of three cells occasionally arise from cells in which 
the nucleus has divided into tliree nuclei, but groups with more than 
three cells occur very infrequently. 

Pour other varieties — Maggie Murphy, Carman No. 1, King of the 
Roses, and Burbank— were included in the 1928 studies. Detailed 
observations are lacking, but a general study wuis made which was 
sufficient to show that they should not be included in either of the 
more regular groups, 1 or 2. 

POLLEN TETRADS 

Much has been said in the preceding section of tlie production of 
})ollen grains from a single pollen mother cell. Normally it is expected 
to find a grouj) of four cells produced from a single pollen mother cell. 
To this group ha.^ been given the name ‘^pollen tetrad.^’ If, however, 
only tw^o cells are produced, the name tetrad hardl}^ can be applied 
even if modified by the terni ^^rregular.^^ 

A study of the number of cells in a group produced by a single 
pollen mother cell gives a fairly reliable picture of the prevalence of 
irregidarities in the reduction (livision. If there is a predominance 
of 4-cellod groups, the variety is regular; if there is a predominance of 
other than 4-celled groups, the variety is irregular. 

In Table 2 are shown for each variety the prevalent type of reduc- 
tion division, the number of pollen groups with four cells, the number 
with more or less than four, and the character of the mature pollen. 
The figures for the character of the nlatiire pollen were taken from 
Stout and Clark { 18 ) or calculated from observations made by the 
junior writer. 

From Table 2 it can be seen that, with the exception of Prince 
Albert, those forms classed in Group 1 on the basis of chromosome 
])ehVvfor during pollen formation produce from 75 to 100 per cent 
4-c^x pollen tetrads and are placed in either class 1 or 2 of the four 
n^ftiire pollen classes described by Stout and Clark (f 8 ) . It is difficult 
"To explain wdiy the mature pollen is poorer in Prince Albert than in 
others of this grouj). , 

Varieties of Group 2 are seen to give between 25 and 75 per cent 
4-cell pollen tetrads and have been put in either class 2 or 3 according 
to the character of their mature pollen. In Group 3 there is very 
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little \rodiictio*Ti of 4-cell tetrads, and all varieties bel(^ 


futber 


class 3\>r 4 according]: to the character of their mature pollen. GVouj5 
4 rarely ijsroduces a 4-cey tetrad, and all are in class 4 in the character 
of their mature pollen. 

It seems that in a j>:eneral way one may attribute poor |)ollen pro- 
duction to some abnormality in the chromosomes at the time of 
pollen formation. There arc few exceptions, and the agreement 
seems sufficiently close to justify the conclusion that a study of the 
pollen mother cell development will show the character of the mature 
])ollen of a variety or vice versa. 

KFFKCT OF ENVIRONMENT 


It has often betui thought that a variety is more fruitful in one year 
than in another, and a study of the pollen tetrads in both 192S and 
1929 was undertaken to determine whether the differences in environ- 
ment in the two years were sufficient to affect the pollen produeffion of 
a variety. 

Twelve varieties of (Jroups andj4 were studied, in both];1928 and 
1929, but tlic production of 4-cell tetrads wasj under r> per cent in 
tlie 24 (counts made. No significant difference could be detected in 
the counts of any one variety made in two different years. It seems 
reasonable to assume, therefore*, that varieties in these two classes 
are uniformly irregular in their chromosome behavior and are poor 
pollen producers under normal but variable growing conditions. 

The two varieties of Grouj) 2 in which pollen tetrads were counted 
in both 1928 and 1929 proved more interesting. Peachblow% for 
example, in 1928 had over 90 per cent 4-cell tetrads. On the basis 
of these counts it should have been put in Group 1, but counts from 
ditferent buds made in 1929 gave an average of about 47 per cent. 
In Green Mountain the counts made in 1928 show' about 48 per cent, 
while the counts in 1929 average about 5 per cent, varying from 0 
to 11 per cent. 

In (Iroup 1 two varieties were studied in both 1928 and 1929. 
Ih-ince Albert , with an 80 per cent prodiu;tion of 4-cell tetrads, was 
constant ov(*r the two ,yeai-s, while McCormick showed 75 per cent 
4-cell tetrads in 1928 and only 57 per cent in 1929. 

It is ap])arent from tetrad counts given in Table 2 that the produc- 
tion of 4-cell tetrads varies in varieties that are intermediate betw een 
the more fertile and the more sterile classes. 

Three of these intermediate varieties^ — McCormick, J^eachblow, 
and Green Mountain — show^ed a variable production of 4-coll tetrads 
in 1928, wdion samples were taken from buds growing on adjacent 
plants of the same variety. The counts are not in suniciently close 
agreement to ascribe the variability to random sampling alone. 
Some factor or factors have affected the chromosome behavior during 
the meiotic phases of pollen formation. The environment in whkh a 
plant grows is often sufficiently variable to cause noticeable (wer- 
ences in growth of adjacent plants. The position of a bud in a 
cluster may be favorable or unfavorable, causing considerable varia"^ 
tion in the development of individual buds. One is tempted to ascribe 
the variability in the production of Rormal pollen of different buds 
of a progeny to varying environmental conditions. 

The growth conditions of two different seasons are not likely to 
be identical. A study of the production of normal tetrads in the 
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iibov<wneiih mod three variotieswas inadein 1929, and a variati^ simi- 
lar to that of 1928 was found when samples from different bucte of the 
sarne progeny wore compared, but in aaditio,n it was found* that the 
production of 4-cell tetrads in all these varieties was lower than ini 928. 
The differences were too great to be ascribed to random sampling 
and suggested that growth conditions in 1929 must have been more 
unfavorable for normal chromosome behavior at the time of pollen 
formation than in the preceding year. 

An examination of weather charts, kindly lent by the superintendent 
of the Aroostook Farm, showed a difference in the rainfall of the two 
years, during the week preceding the collection of material, that may 
have been sufficient to change the growth conditions of potatoes. 
In 1928 there was ample rain- -1.29 inches for the week preceding the 
collection from McCormick and 1 .44 inches for the week preceding the 
collection from Peachblow and Green Mountain. In 1929, for the 
same period, there was only 0.8 inch preceding the collection from 
Green Mountain and no rain at all preceding the collection from 
Peachblow and McCormick. 

That deficiency in soil moisture might be responsible for the more 
irregular meiotic behavior of 1929 is only suggested. It is the only 
climatic factor showing a wide difference between the tw o years, but 
an extensive study would be required before it could bo stated defi- 
nitely to what extent specific environmental factors modify chromo- 
some behavior during gametic formation. 

It seems apparent that in different varieties of potatoes the chromo- 
some complement does not show the harmony observed in wild 
species. This lack of harmony is shown in varying degree in the vari- 
eties listed in Table 2. So pronounced is it in a larffc percentage of 
the varieties that there is little or no normal pollen mother-cell 
development. Ip a few^ varieties the chromosomes seem to be more 
in harmonj^, and an appreciable number of normal tetrads are pro- 
duced. Tliis harmony, however, seems easily disturbed, and a com- 
parison of material from different buds collected either in the same 
year or in different years shows a variability too great to be ascribed 
to random sampling and suggests that variable growth conditions 
have affected the chromosome behavior. In a very few varieties the 
chromosome complement seems to be in harmony and the meiotic 
behavior is almost as regular as that found in material from wild 
species. 

DISCUSSION 

It is apparent from this study that polyploidy is prevalent in the 
potato and some of its near relatives. Forms have been described with 
12, 18, 24, and 36 as their haploid chromosome number, A survey of 
cytological literature shows that it is unusual to find a species repre- 
sented^by both, a diploid and a tetraploid form. The diploid repre- 
sen&.tives of Solarium tuberosum include a small group known as the 
yeynow-fleshed varieties of South America. In them it was found that 
haploid chromosome number is 12, while the other 37 cultivated 
' varieties examined in this study all have 24 as their haploid chromo- 
some number. Fukuda (5) made a similar study of the chromosomes 
in 40 varieties of potato and states that the haploid chromosome 
number for each of them is 24. 
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EilWier investij^ators, i. o., Nciikh; ( 14 ), Martins ^Aiaiio 
Mullep(/5), and Lutnian (IJ) doscrihc varieties of Solanumtuberasutn 
with ehnijinosonie nuiiji)ers of about 3(). More recent' studies by 
Levitsky and Jhnictskaja (10) and the author referred to in the 
preceding paragraph seem to make these lower counts unlikely. 
LevitsKy finds in addition to the normal 48 somatic chromosomes 
that there is a tendency for chromosomes to fragment, which gives 
the impression that the chromosome number is above 48 in some 
cells. 

The universal presence of the t(^traploid (‘hromosonie number in 
our North American cultivated varieties of potatoes precludes the use 
of chromosome counts as a means of identifying potato varieties. 
This double chromosome number, however, may be significant from 
an evolutionary standpoint. It is now generally believed that a 
form with the basic chromosome number is not as far removed from 
the ancestral types as polyploid fonns. If we consider this to be the 
case in Solan/utn tuberosum, wo must pla(*e the yellow-fleshed varieties 
near the ancestral type. The regular behavior of the chromosomes 
during the reduction divisions certainly indicates for them a much 
more stable ancestry than that suggested by the nonharmonious 
behavior of chromosomes in the tetraploid varieties. 

The pres(mce of irregular meioses in potatoes during pollen forma- 
tion was referred to by Young (!^3), who says that occasionally the 
homotypic. division is omitted. Fukuda (J) considers the chief cause 
of pollen sterility to be due to the abnormal meiotic behavior of the 
developing pollen mother cells. Stow (10), who saw from the work 
of the two preceding authors the possibility that external conditions 
might be the cause of irregular pollen mother-cell development, 
subjected developing buds to extremes of heat and cold, lie found 
that varieties normally behaving regularly will behave irregularly 
when the temperat\ire is appreciably increased or decreased. Stowes - 
conclusions, however, are hardly applicable to varieties that behave 
irregularly under the usual growth conditions. 

The ])ollen develo})ment in tetraploid potatoes seems to the writers 
to be disturbed by inherent factors that make the production of 
normal tetrads exceptional in a large percentage of the varieties 
studied by the writers. A detailed examination of the types of 
pollen tetrads produced by three of the more fertile varieties suggests 
that, in addition to their inherent factors, environment may modify 
the chromosome behavior during meioses, which in turn determine 
the character of the pollen i-etrad and eventually the amount of 
viable pollen produced by a variety. A comparison of material col- 
lected in 1928 and 1929 showed that in both years the variation in 
buds from different plants was large, which may be explained by 
differences in growth conditions of the plant or in the position of the 
buds on an individual plant. A comparison of the results fo^the 
two years indicates that the conditions in 1928 were more favo%ble 
for Dollen formation than in 1929. 

Although environment may modify somewhat the chromosomC\ 
behavior during the reduction divisions of the developing pollen 
mother cells, the’ writers agree with* Fukuda ' (5) that the lack of 
harmony of the chromosome complement of tetraploid varieties of 
potatoes is the major cause for the failure to produce, in potatoes, 
normal 4-cell pollen tetrads. 
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triu? wririi<f;s, for convenience and because the ifregulari^s in 
polle'n mother-cell development show characteristic differences, have 
divided their material into four groups basc^ on the pred^nninance 
of some characteristic irregularity. 

There is first the variable amount of chromosome pairing. Failure 
of some of the 48 chromosomes to pair could be found in all cultivated 
varieties; in some, however, it was much more prevalent than in 
others. Varieties in which the only noticeable irregularity in chromo- 
some behavior during meioses is the failure of some chromosomes to 
pair, produce adaii\amount of viable pollen and are coiusidered our 
most fruitful varieties. 

Combined with the irregularity in the pairing of the chromosomes 
there may be one or all of the three following unusual abnormalities: 
(1) Absence of a second reduction division; (2) absence of any 
tendency for chromosomes to pair; (3) early degeneration of chromo- 
somes, followed by an amitotic division. 

Fukuda (5) described very similar irregularities in his discussion of 
the chromosome behavior of potato varieties, although he has 
gro^aped the irregularities differently from the writers. Irregular 
phenomena are so varied and numerous in many of the pollen mother- 
cell preparations that it would require a long study to inter])ret and 
describe them all. The writers have described only the more })reva- 
lent irregularities that seemed characteristic of any parUcular variety 
or that facilitated obtaining an a(‘curate chromosome determination. 

The chromosome behavior of tetraploid i)()tat() varieties is fre- 
([uently sufficiently characteristic to enable one to distinguish by a 
cytological study varieties in the more fertile classes from those of 
the sterile class, but this character would l)e of little service in 
distinguishing varieties of the ‘same Jgroup. 

What the writers have found (concerning the production of viable 
pollen only coiilirms what potato breeih'rs have known for sojue time. 
Only a few varieties arc useful as pollen ])arents in potato crosses. 
The writers have, however, traced one step farther back the (*ause of 
nonfruitfulness in potatoes. It is due to the absence of viable pollen, 
which in turn is due to an abnonnal chromosome behavior at thcc 
tiimc of pollen formation. 

Many of the recent studies of polyploid species suggest explanations 
for the abnormal chromosome behavior so prevalent in tetraploid 
potato varieties. But perhaps the recent study of Karpechenko (8) 
best fits the conditions described in this study. In an investigation 
of the chromosome number and behavior of Raphanus satiims L. and 
Brassica oleracea L. he found that both species have the basic, chromo- 
some number 9 and that their chromosome behavior is regular. 
Fi hybrids of these two species had the same chromosome number 
as the parents, but the chromosome complement was so inharmonious 
that np chromosome pairing occurred and pollen development was 
ver^ irregular, giving gametes with varying chromosome numbers. 
Fo^lants were found to have from 27 to 78 somatic chromosomes, 
the meiotic behavior during pollen formation was varied and 
strikingly abnormal. Karpechenko’s material illustrates well the 
origin of polyploid fonns froin^ hybrids as duo to the characteristic 
irregular chr()mosome behavior of a hybrid in which the chromosome 
complement is made up of two distinctly different sets. 
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ln\he potato the coiKlitions are reversed. Ono^pj^sumes* that 
nature nas been (he hybridizer and that tetraploid pol<>iJoes represent 
the outc^Nme. Karpechenko (8) points out that if his p/ihits were to 
propagate apoganietically polyploid forms would be established. In 
potatoes a form becomes established through asexual reproduction, 
so that a perfectly sterile form may be as long-lived as a more fertile 


one. 

All of our tetraidoid potato varieties liave a chromosome behavior 
that suggests a mixed ancestry. Jf one were to construct a chart 
showing the possible descent of our cultivated potatoes, it would 
begin with two or more wild Solanum sj)eci(*s having the basic chro- 
mosome number 12. From the hybrid progeny of these species have 
arisen, just, as from Karpechenko’s hybrid, new forms with double 
the number of chromosomes, whose hybrid character has been pre- 
served through long ])eriods by asexual reproduction. 

The hypothesis of the hybrid origin of polyploid cultivated potatoes 
is strengthened by the existesnee of a group of closely related poly- 
ploid wild forms. Three of these — Solaiinm commermnii, S, cardio- 
phiiHwm f. coyodcanutu , and a hybrid resembling S. tnaglia r(‘fevred 
to by Clark (;^?)'"have a chromosome behavior that strongly suggests 
that they are natural hybrids and not regular-behaving species. The 
number and behavior of the chromosomes seem to show that con- 
siderable natural crossing occurs among wild spe(‘ies in their native 
habitat. 

Irregular behavior has been duplicatcal in an artificially produced 
hybrid of Solanum fendleri X S, chacoeuMf in which a 24-chromosome 
set or two r2-cliromosome sets are combined with a 12-chromosome 
set. The irregular meiotic behavior in tlu' developing pollen mother 
cell is typical of a hybrid produced when ])lants with different chro- 
mosome numbers are crossed. 

I'lie heterozygous condition of practically all of our potato varieties* 
for many of thtui* most prominent characters has also been regarded 
by sojiie as an indication of a hybrid origin. On the other hand it is 
pointed out by Fukuda (5) ami by Wittmack (2'£) that the shape of 
the flower ])arts, which is an important character in the differentiation 
of s]>ecies, has not changed since the time of the earliest descriptions 
of the potato, over three centuries ago. The constan(‘y of the floral 
characters is also confirmed by the observations of the junior writer, 
which are based on the progenies of a large number of crosses among 
many varieties. This, however, is not a serious obstacle to the theorj^ 
of a multiple origin, as it is i^ossible that the original progenitors of 
the present sj)eeies may have possessed the same type of calyx and 
corolla and yet have differed in many other characters. If more 
than one type of calyx and corolla 'were involved in the early ancestry, 
it would be possible for the dominant kvpe, especially if linked with 
desirable economic characters 'which would insure its presejrv j^ion , 
to be carried along for several generations by the usual mctli Bs of 
potato breeding, which consist for the most part in selecting^ipd 
propagating vegetatively the first or occasionally the second geneia\ 
tion of crosses between highly heteiozygous parents. So far as the 
writers are aware, no taxonomic stnmes have been made of pure lines 
of potatoes which have been carried through several inbred gene^ra- 
tions. While in the yellow-fleshed varieties included in these^studies 
the calyx and corolla are of the same general type as those of the 
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y«vrieties, the differences in the cytological bej^vior, 
the number chromosomes, and other characteristics suggest the 
probability<;iiat these two groups are not of the same i/iimediate 
ancestry. 

Cultivated potatoes have been subjected to a long period of asexual 
reproduction. This allows the preservation of a herbaceous form 
that would immediately^ be lost if it depended on seed reproduction. 
Has asexual reproduction been the cause of the degeneration of the 
gametic cells? One of the first plants in which abnormal meioses 
were described was llemerocallis fulva (Juel (f?)), a plant that has 
long been subjected to asexual reproduction, but it is still in doubt 
whether asexual reproduction has been the cause of abnormalities, 
since here also they may have been due to the hybrid ancestry of 
the plant. No authentic case seems to be on record of a regular- 
behaving species whose fruitfulness has been affected by subjection 
to long asexual reproduction. On the other hand, very many of our 
cultivated plants that are propagated asexually often show consider- 
able tendency to be nonfruitful; but they are plants in which hybrid- 
ization has probably occurred, and the origin of sterility well may be 
attiibuted to incompatible chromosome combinations which have 
been perpetuated by continued asexual propagation. 

The investigations of Krantz and Hutchins {()) in potato breeding 
indicate at the {iresent time that a potato variety becomes more 
uniform after three or four generations of self-fertilization. This 
effect of inbreeding may be taken as a further demonstration that 
the domesticated potato has retained the characteristic irregularities 
of inharmonious chromosome complements simply because it has 
been propagated asexually. Sexual generations provide an oppor- 
tunity for gametic selection to eliminate the unbalanced chromosome 
combinations typiical of hybrids between species, and thus result in 
• the production of stable forms. 

The conclusions of the writers are at variance with those of Fukuda 
(f5), who considers the domesticated potato to have arisen from a 
single species. It seems more probable that the cultivated ])otato 
has a very mixed ancestry, as held by Juzepechuk and Bukasov (7), 
and that the ancestors of the 24-chromosome varieties of Solanum 
iuberomin are to be found not in a, single wild species but in two or 
more.'^ 


SUMMARY 


This ])aper presents a study of the number and meiotic behavior 
of chromosomes in tuber-bearing forms* of Solanum. 

Ten wild species of potato were found to have 12, 18, 24, or 36 
as their haploid chromosome number. Two species, Solanum com- 
mersonii and S, cardiophyllum f. coyoa^anum, wuth 18 as their hap- 
loid chromosome number, have meiotic irregularities in their pollen 

« Afyf *th« mauuscript of the present paper was completed, two papers by Rybln (16, 16) were received 
thataPe in agreement with several of the conclusions drawn from a study of the material available to the 
w^Mis. Kybiu is of the opinion that all the Kuropean and North American commercial varieties of potato 
^^obably have 48 as their somatic chromosome number, lie finds forms of wild potatoes with 24, 36, 48, 
and 72 somatic chromosomes. The triploid forms were found to have irregular reduction divisions 
similar to those described by the writers, and the pentaploid forms were known either to be hybrids or to 
4 liave characters that suggested a hybrid ancestry. He finds among the local cultivated potato varieties 
of Central America and South America forms with 24, 36, and 48 chromosomes. Uis study of the mor- 
phological and cytoloidcal characters of the triploid forms has led him to conclude that they are hybrids 
which have either originated from a cross of cultivated species having 24 and 48 chromosomes, respectively, 
or descended from 36-ehromosome wild forms. In his cytological data ho gives strong support to the 
hypothesis that cultivated potatoes have a polyphyletic origin. 
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cells siiflijar to those found in a known Fi hybrid S.Jen^lhfri 
X S. chacoensej suggesting that these two wild species are nafiiraf 
hybrids. N . • , 

Three cultivated varieties of Solanurn tuberosvm grown in South 
America have 12 as their haploid chromosome number. 

Thirty-seven cultivated varieties of Solamim tuherosuin grown in 
the United States have 24 as their haploid chromosome nuniV)er. 

The meiotic behavior of the 24-chroniosome Solanurri tuberosum 
varies from regular in a few to extremely irregular in many of the 
varieties. 

Only the few varieties with a regular chromosome behavior pro- 
duce an appreciable amount of pollen; varieties with an irregular 
chromosome behavior produce practically no pollen. Unfruitfulness 
in potatoes would therefore seem to be due to abnormal chromosome 
behavior at the time of pollen formation. 

The chromosome behavior of a few selected individuals seemed to 
be affected to some degree by environmental changes. 

The number and beliavior of the chromosomes in our cultivated 
potato varieties suggest that they have a mixed ancestry and tkat 
the ancestors are to be found not in a single wdld species but in 
or more. 
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